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By L. W. HARRISON
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FROM the point of view of treatment the history of syphilis may be divided
into two periods, the first prior to and the second subsequent to March 3, 1905,
the date of Schaudinn's (1) discovery of the Spirochaeta pallida. The division is
justifiable since the accurate diagnosis and efficient treatment of the present day
owes its being entirely to Schaudinn's discovery.
An inevitable corollary to the discovery of a specific micro-organism is
a research into the antibodies to it which are produced by the infected host, and
a by-product of such a research in the case of syphilis was the discovery of the
Wassermann-Neisser-Bruck reaction (2), to give it its full original name. The
argument as to whether the Wassermann reaction is a true Bordet-Gengou phe-
nomenon (3) is beside the purpose of this review. It is sufficient from the point
of view of treatment that it complemented the discovery of the Spirochaeta
pallida in laying the foundation for exact methods of research into the value
of antisyphilitic remedies.
The tripod on which the modern therapy of syphilis mainly rests was com-
pleted by Ehrlich's discovery (1909) of dioxy-diamido-arsenobenzol dihydro-
chloride, known first as '606', or the 'Ehrlich-Hata remedy', and later as
'salvarsan '.
In acknowledging the debt which the modern therapy of syphilis owes to
these three discoveries it would be unjust not to mention that Bordet and
Gengou (4) had probably seen the Sp. pallida in 1903, and that it was their
work on complement fixation which laid the foundation for the Wassermann
test. It is also very largely due to the work of Metchnikoff (4) and Roux on
the transmission of syphilis to monkeys that the Sp. pallida was accepted so
quickly.
THE REMEDIES USED IN THE TREATMENT OF SYPHILIS.
The remedies which are at present employed by different workers for the
specific treatment of syphilis are-arsenic, antimony, silver, mercury, iodine,
sulphur, and iron compounds. It will be convenient to deal first with each
[Q. J. M., July, 1917.] X
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of these separately and to reserve to the end their proper combination in the
treatment of syphilis, taking them in the order named.
The .Arsenical Compounds.
As is well known, arsenic had been used empyrically in the treatment
of syphilis long before the systematic laboratory researches began which
eventually resulted in salvarsan.
The proof by Schaudinn that syphilis is due to a spirochaete at once
linked the therapy of syphilis closely to that of other spirochaetoses, and, indi-
rectly, for reasons which need not be detailed, with that of diseases due to
trypanosomes. This was a fortunate circumstance, since these diseases can
readily be transmitted to lower animals, and experimental research carried out
on them with comparative ease.
Uhlenhuth, Gross, and Bickel (5) demonstrated the' sterilizing effect of
atoxyl on hen spirochaetosis. Levaditi and McIntosh (6) showed that although
atoxyl has apparently no effect in vitro on the spirilla of hen spirochaetosis,
when the mixture is injected into a hen the spirilla fail to infect, and disappear.
They concluded from this that atoxyl must act by virtue of a derivative which
is split off in the body of the animal. Ehrlich (7) related that he was led to
take up atoxyl by the work of Thomas and Breinl, Liverpool School of Tropical
Medicine, who (1905) showed that this compound has a destructive effect on
trypanosomes in animals. Ehrlich had previously abandoned atoxy1 because its
effect in vitro on trypanosomes was nil, as was shown later by Levaditi and
McIntosh in the case of spirochaetes. The conclusion from these experiments
that atoxyl must act by virtue of a derivative led Ehrlich, with Bertheim, to
investigate again its chemical constitution, with the result that it was found
to be not a chemically indifferent anilide, as originally believed, but an amino
derivative of phenyl-arsenic acid, namely, para-amino-phenyl-arsenate of soda:
OR
As= 0
r-: aNa
1 I
""'-/NH2
Following on this, Ehrlich sought to vary the constitution of atoxyl, always
with the idea of producing a compound with a greater selective affinity for the
parasites than for the tissues of the host. Acetylatoxyl or 'arsacetin' was
found to be an improvement, as was also the similar compound produced in this
country under the name of ' orsudan "
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THE TREATMENT OF SYPHILIS 293
and atoxylate of mercury reported on by Uhlenhuth, In all these compounds
the arsenic exists in the pentavalent form. They were extensively tested in
syphilis and reported on favourably by many observers. Gradually, however,
they acquired an evil reputation and were abandoned on account of the blindness
which occasionally followed their use. The first public result of Ehrlich's
endeavours to produce a compound in which the arsenic existed in the trivalent
form was arsenophenylglycine,
As = As/'" /'"I I I I
<> ~
HOOO. CH 2 • NH NH. OH2 • OOOH
Arsenophenylglyeine
which was reported on by Alt (8) as having a good effect in general paralysis.
Arsenophenylglycine has not come into general use, however, as it was quickly
superseded by dioxy-diamido-arsenobenzol dihydrochloride or C 606',
As = As
r-. r-.
HeIR.N.. l) NH.eIR
ou '606' OR
a canary-yellow powder, which, on account of its liability to change into a
poisonous compound on exposure to air, is kept sealed in ampoules in an indifferent
atmosphere, such as nitrogen. It contains 34 per cent. of arsenic and forms an
acid solution when dissolved in water. The wide margin which exists in spiro-
chaetoses between the curative and the maximum tolerable dose ~~ of ' 606' is
illustrated by the results which Rata (9) obtained in hen spirochaetosis and
rabbit syphilis. In the former he found the ~~ to be :8' which compares with
1 1 . 1 1
"2 for atoxyI, 3.3 for arsacetin, 2.5 for atoxylate of mercury, and 3.3 for arseno-
phenylglycine. In rabbit syphilis the same ratio for '606' was found to be
~ to :0. At that time the maximum tolerable dose for a rabbit was calculated
at 0·1 grm. per kilogram. Present-day preparations of '606' are tolerated
by rabbits in doses of 0·12 grm. per kilogram, and the highest dose which is
usually administered in one injection to a man is 0·01 grm. per kilogram.
The first report by Alt (10) on the therapeutic effects of ' 606 ' on human
syphilis aroused such Widespread interest that by October, 1910, Ehrlich had
complied with requests for 40,000 samples. These were distributed to such
hospitals as would be most likely to form a sound judgement on the merits and
demerits of the new remedy before it was placed on the market, December, 1910,
as 'salvarsan '.
x 2
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In spite of the fact that salvarsan has not proved to fulfil Ehrlich's ideal of
a 'therapia sterilisans magna', and in spite of the opposition which it has
met from a small number of workers of great standing in the world of
syphilology, it is not too much to say that the arsenical therapy of syphilis,
commenced on a scientific basis by the discovery of salvarsan, is now firmly
established. The mountain of literature on the subject which has grown up
since March, 1910, precludes any attempt to discuss in detail the views of those
who are opposed to the modern arsenical therapy of syphilis. Most, if not all,
of their objections were based on results obtained when the limitations of' 606'
were not so well understood as to-day; when large numbers of patients were
injected with unsuitable doses of the remedy, or sent away as cured after one or
two injections, to become later victims of severe syphilitic disease of the central
nervous system.
The immediate therapeutic effect of ( 606' on syphilitic lesions and on the
Sp. pallida requires no debate. Its bitterest opponents must admit that ordinary
syphilitic lesions heal up and spirochaetes disappear from them far more rapidly
than under the administration of any non-arsenical remedy.
How great a difference Ehrlich's discovery has made in the management of
syphilis is shown by these facts: Gibbard and Harrison (11) showed that under
systematic mercurial treatment 83 per cent. of soldiers suffering from syphilis
required readmission to hospital at least once during the first year for re-
appearance of contagious lesions. In contrast with this, the readmissions for
clinical relapse amongst over 10,000 cases of syphilis treated with '606' and
mercury, whose records are accessible to the writer, have been less than 1·3 per
per cent. Under mercurial treatment a soldier spent an average of 66·2 days in
hospital during the first year of the disease, while, the average time spent by
soldiers under (606' and mercurial treatment at Rochester Row now is
twenty-five days. In this connexion it should be explained that soldiers are
kept in hospital for just as long as they exhibit open lesions. Considering
the comparison from the point of view of the Wassermann test, Harrison (12)
showed, in an analysis of 492 soldiers whose sera were tested three months after
the completion of two years' regular mercurial treatment, that 45·5 per cent.
gave a positive reaction to the original test. In comparison with this,
Gennerich (13) found in 162 similar, i. e. primary and secondary, cases who
were treated for less than six months with salvarsan and mercury and observed
from one to two years afterwards, that 151 remained completely negative to
all tests, including examination of the cerebro-spinal fluid after provocative
injections. Of the remaining eleven, four had become re-infected, three had
relapsed clinically, two had given a positive Wassermann reaction, and two had
remained negative to all ordinary tests but had shown slight changes in the
cerebro-spinal fluid after provocative injections.
Shortly after the appearance of salvarsan, a chemically identical preparation
was synthesized in France by Billon under the name of 'arsenobenzol (Billon)',
and the necessities of the present war have stimulated the production of' 606'
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in this country under the names of 'kharsivan' and 'arsenobillon', while
'diarsenol' has come from Canada. All these preparations are chemically
identical with the original salvarsan, but varying views have been expressed
in the literature as to whether they are equal to the original preparation in
safety and therapeutic efficacy.
McDonagh (14) related that he had seen six cases of dermatitis and two of
jaundice after injections of one of the British preparations, and, from the fact
that he also stated he had only once seen such complications under the original,
one was led to infer that the new-comer must be inferior. E. Lane (15) also
expressed himself very unfavourably regarding kharsivan. On the other hand,
Lucey, and also Ffrench, considered kharsivan to be equal in all respects to
salvarsan. The writer has had the opportunity of testing salvarsan, khar-
sivan, arsenobenzol, and arsenobillon during the past two and a half years to
the extent of many thousands of doses of each and has been unable to detect
any difference between them either in toxicity or in therapeutic efficacy. As to
dermatitis and jaundice, these have occurred, if anything, rather more frequently
in cases treated with the original sal varsan than with the newer preparations.
A study of the literature on salvarsan prior to the war, also, reveals numbers of
reports (16) on the incidence of skin disturbance under the original prepara-
tion which must convince anyone that they are not new nor peculiar to
the British and French preparations. One of the worst cases of dermatitis and
jaundice which the writer has seen, one which eventually proved fatal, followed
on the injection of four doses of 0·3 sal varsan in the course of three weeks.
On the other hand, numbers of cases in France and at Rochester Row have been
treated with the newer preparations to the extent of 9-16 grm. each without
ill effect. As to diarsenol, if one may judge from animal experiments and its
effect on a limited number of patients, this is quite equal to the others in all
respects. In view of the above, it will be convenient in what follows to refer
to salvarsan, kharsivan, arsenobenzol (Billon), and arsenobillon simply as ' 606 ',
Certain difficulties connected with the preparation of '606' for administra-
tion led Ehrlich to modify it with a view to obtaining a preparation which
would be generally more convenient to prepare for administration. The result
was' neosalvarsan' or '914', a condensation product of formaldehyde sulpho-
xylate of soda with dioxy-diamido-arsenobenzol,
As = As
../". /".
NH2 l) t,) NH.CH2.O.SONa
OH OR
which was first reported on by Schreiber (17). It is a yellow powder which is
much more soluble in water, in which it forms a neutral solution; much less
irritating to the tissues when injected into them; but much more lahile in that
on contact with air it rapidly becomes toxic, turning first orange, then reddish,
and later, dark brown to black. When injected without delay, it is said to be
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less toxic than' 606', but this is a matter of opinion. For purposes of dosage, it
is calculated that 0·9 grm. of' 914' is equal to 0·6 grm. of' 606 '.
The French equivalent of neosalvarsan is novarsenobenzol (Billon), and the
British, novarsenobillon. For similar reasons to those mentioned above in con-
nexion with' 606', these products will be referred to below as ' 914 ',
Another preparation, 'salvarsan-natrium ' or ' 1206', was introduced by
Ehrlich shortly before the war to shorten the steps in the preparation of' 606 '
for injection. As mentioned, the latter forms an acid solution when dissolved in
water or saline, and requires the addition of alkali to make it suitable for intra-
venous administration. This converts it from
As =/""-
ClH 0 NH.U
OR
to
As
/""-
I INHV 2
ONa
Salvarsan-natrium is the last-named in solid form, and is ready for use on
simple solution in water or 0·4 per cent. saline, in which it forms an alkaline
solution. The experience at Rochester Row is that it is a very convenient
preparation, which seems to cause less reaction after intravenous injection than
the others. It is not at present available for general use in this country.
The discussion on two other arsenical preparations of somewhat similar
constitution, which have been synthesized in France, 'galyl' and 'luargol',
may conveniently be deferred until later.
Preparation. of '606' and of '914' for Administration.
The intramuscular and subcutaneous methods of administering '606' were
quickly abandoned because of the very great pain and necrosis which resulted
at the site of the injection, and the uncertainty of absorption of the remedy.
Concerning the latter, Beveridge and Walker (18) found 0·029 grm. arsenious
acid in 3·7 grm. of a slough removed III days after a subcutaneous injection
of 0·6 grm. '606', and Schreiber (17) found one-third of the dose six weeks
after an intramuscular injection. Kromayer's suspension in olive oil, Balzer's
in lanoline and poppy-seed oil, Schindler's in iodipin and lanoline, and many
other oily suspensions certainly relieved the local pain somewhat, but not
sufficiently to make this method of administration practicable for general use.
In spite of this, the writer has long believed that, dose for dose, the intra-
muscular and subcutaneous injections of ' 606' produced therapeutically better
results than the intravenous.
The rectal method of administration has been advocated by Bogrow (19),
Plazy (20), and Weil, Morel, and Mouriquand (21), among others, either in the
form of solution or as suppositories, chiefly for cases in which it is difficult to
perform the intravenous injection, or for any reason the latter method is feared.
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C. H. Mills tested this method at Rochester Rowand found that, three enemata
of' 606' (0.6 gnn. in each) on successive days failed absolutely to produce any
effect on the spirochaetes in the patient's lesions. Neisser and the vast majority
of workers can see no value in the rectal method.
The safety of the intravenous method of administration was first demon-
strated by Schreiber (22), and his technique for the preparation of '606' for
administration in this form may form the basis of discussion on the modifica-
tions which have since been introduced. Schreiber's directions were as follows:
Dissolve the dose in 10-20 c.c, distilled water, make up to 100 e.e. with distilled
water or saline (0·9 per cent.), and add 4 per cent. sodium hydrate solution until
the precipitate which first forms is re-dissolved on shaking. Dilute with 0·9 per
cent. saline to a final strength of 0·2 per cent., and administer intravenously
without delay.
Very few workers have contested the principle of administering '606'
intravenously in an alkaline form, but Duhot (23) advocated the injection of the
acid solution which results from dissolving a dose of 0·6 grm. in 300 e.c. of
0·9 per cent. saline. Spiethoff (24) holds that, although the immediate reaction
which results from intravenous injection of the acid solution is more severe, the
therapeutic effect is better. Hering (25) showed experimentally that acid solu-
tions of ' 606 ' are more toxic to animals, and Joseph (26) that the acid solution
forms a precipitate in the blood-stream, which did not occur with alkaline
solutions. Auer (26) found that acid solutions weaker than 0·1 per cent. are
well borne by animals.
More workers have sought to increase the concentration of the solution.
Altmann and Zimmern (27) tried injection of a 5 per cent. solution of' 606', in
place of the 0·2 per cent. advocated by Schreiber, but found that this caused
severe pain along the course of the vein and provoked vaso-motor symptoms.
Dreyfus (28) found that by injecting slowly with a syringe he could give' 606'
in a 1 per cent. solution without exciting more reaction than resulted from
injection of the weaker solutions. He agreed with Zimmern that thus
administered it was excreted more slowly than dilute solutions. Stern (29)
found. that when concentrated solutions are injected the remedy is excreted
much more slowly, and he attributes to this their greater therapeutic effect.
A.n attempt to use solutions which were more concentrated than 0·5 per cent. at
the Military Hospital, Rochester Row, was found to cause an increased p~o­
portion of vaso-motor symptoms which became more frequent and severe as the
concentration was raised. It may safely be said that the usual practice at
present is to inject '606' intravenously in a final strength of 0·1 grm. in
25-50 c.c, This does not apply to '914', as will be shown later.
For reasons which will be discussed later under the heading of toxic effects
and their avoidance, it is now usual to use water which has been freshly distilled
instead of any distilled water which may happen to be available and may have
stood for some days after preparation. The concentration of the sodium chloride
has also been reduced in the practice of most workers to 0·5 or 0·6 per cent.
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The preparation of freshly distilled water which is beyond reproach involves
the installation of expensive apparatus and is inconvenient in many ways which
must be obvious. In order to overcome this, Taege (30) proposed the use of
specially prepared tap-water to which hydrochloric acid was added in such
an amount as when eventually neutralized would produce sodium chloride
solution of the required strength. Since the presence of the hydrochloric acid
in the water prevented the growth of bacteria, it was not necessary to prepare the
solution on the very day of administration. A large supply could be made up
at one time and brought into use when required. The method depends on the
chemical equation:
HOI + NaOH = NaOI+HzO.
36·5 58·5
Since 36·5 parts of pure HCI produce on neutralization 58·5 parts of NaOl, it is
easy to calculate the amount of HCI which it is necessary to add to the water to
produce eventually the required concentration of saline. The' 606 ' is dissolved
in the acid solution, and the neutralization of this and of the added acid is
performed in one operation.
The writer has tested Taege's method extensively, with the slight modifica-
tions that the solutions are freshly prepared, and the acid solution in which the
'606' is first dissolved is weaker than that recommended by Taege. The result
has shown that Taege's method has many practical advantages over the distilled
water method. It is not only convenient: but the reactions which follow the
injections are, if anything, less than with ordinary distilled water. Since, more-
over, the average still cannot be relied upon to produce pure distilled water, and
may, in fact, produce water which is distinctly objectionable, Taege's method
has the ad vantage that the purity of the water is more under the control of the
worker.
As modified by the writer, the method is as follows:
The heavy earths and metals are precipitated out of the tap-water as
insoluble hydroxides thus: a few drops of a 1 per cent. alcoholic solution of
phenolphthalein are added to the necessary amount of water, say 2 litres, in
a flask, and sodium hydrate solution of any strength which is convenient
(4 per cent.) is added until the formation of a pink colour indicates slight excess
of alkali over that required to precipitate the impurities. The water is then
boiled for a few minutes and filtered through non-absorbent cotton-wool and
filter-paper arranged in a glass funnel, the filter-paper being next the funnel and
a mass of cotton-wool laid on it. The filter is supposed to remove the pink
colour, but, as a matter of fact, the filtrate is still slightly pink. From this
purified tap-water two solutions are prepared:
Solution A, in which the' 606' is primarily dissolved. To 990 c.e. of the
water are added 10 e.c, of a one in three dilution of dilute hydrochloric acid
(B. P.). The' 606' dissolves very easily in this solution, and neutralization
eventually requires about 0·5 c.o. more 4 per cent. soda solution than when the
ordinary method is used.
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Solution B, for dilution of the alkalized '606' and for general use as
, saline' :
Add 10 e.c. strong hydrochloric acid (B. P.) to about half a litre of the
purified tap-water. Add sodium hydrate solution of any convenient strength
(say 64 per cent.) until the pink colour just returns. Make up to a litre with
the purified tap-water.
Knowing that strong hydrochloric acid (B. P.) contains 31·8 per cent. of pure
HOI, a calculation based on the above equation will show that the neutralization
of 10 c.c, of it with soda will result in just over 5 grm. NaCI, and since this
is contained in a litre the required strength of 'saline' has been produced.
The final product has a slightly pink tint, owing to its alkalinity and the
presence of the phenolphthalein. The detailed steps for preparation of ' 606 '
when using the modified Taege's method are as follows:
Pour 50 e.e. of Solution A into a tall, glass-stoppered, mixing cylinder which
is graduated, and dissolve in it 0·6 grm. of '606 '. When the solution is quite
complete, and not before, add from a burette 4 per cent. sodium hydrate solution
until the precipitate which first forms disappears and a clear solution is left.
The amount of soda solution which is required if the above directions are
followed is usually about 4·7 c.o. It appears to be an advantage to add 1 c.c,
more alkali after the solution is cleared. The solution of alkalized' 606' is then
diluted to the required strength with Solution B.
The Intravenous Administration of Dilute Solutions of '606 '.
The methods employed by different workers vary according to the operators'
ideas of convenience. They may be divided into two main classes: (a) those in
which the remedy is injected into the vein, and (b) those in which it flows by
gravity. It will be necessary to instance only a few examples of each method.
Schreiber's original method was to inject by means of a syringe, which
alternately drew the solution from a glass container and injected it into the vein,
a three-way tap being turned as required to direct the stream in the required
direction. The syringe is filled with saline, and this is first injected as a
pilot in order to make quite sure that the needle is properly in the vein. If it
were not, a swelling would in most cases form over the vein, but this would not
be of such moment as if the swelling were produced by , 606' solution, which is
very irritating. The receiving tube is then transferred to the cylinder containing
the' 606' solution, which is then injected. When the required dose has been
administered the receiving tube is again transferred to a cylinder containing
saline and one or two syringefuls of saline injected in order to wash the vein
wall in the neighbourhood of the puncture free from' 606' solution (Fig. 1).
The writer's objection (31) to Schreiber's syringe was to the rigid connexion
between the needle and the syringe, which made it difficult in the case of
a narrow vein to keep the needle inside the vessel whilst filling and emptying
the syringe. This objection was overcome by McDonagh (32), who made the
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connexion flexible and introd uced a special needle which could be strapped to
the patient's arm.
McIntosh and Fildes (33) recommended an apparatus which is similar to
that illustrated in Fig. 2, and that of Iverson, as well as Bogrow's (34), is on the
same principle. As shown in the illustration, the solution is forced into the vein
by increasing the pressure of air above it with a pump.
FIG. 1.
FIG. 2.
An objection to the instruments described above is that it is possible with
them to force solution into the subcutaneous tissue, should the needle happen to
become dislocated from the vein. With a properly arranged gravity apparatus
this is impossible. The simplest form of gravity apparatus is one which has
been in use for very many years for saline infusion in cases of collapse-a funnel
of any pattern from which a rubber tube, provided with a ratchet clip and suitably
interrupted by glass windows, leads to a connexion below for attachment of the
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FUNNEL
R
needle (Fig. 3). This is first filled with saline to the height of a few inches
from the bottom, and air removed from the tubing by this device: The needle
connexion end of the tubing is held as high above the level of the saline in the
funnel as possible, the clip is opened, and the tubing lowered until a steady flow
of saline appears at the outlet. The saline is allowed to flow out of the funnel
until its level stands at the bottom of the funnel, when the' 606' solution is
poured into the funnel. After the needle has been inserted into the vein and the
solution has flowed until it is again about to disappear down the tubing, more saline
is poured into the funnel, in order to sweep the remainder of the '606 ' out of the
tubing and to wash the vein walls. Usually from 10 to 20 c,c, saline is allowed
to flow after the last window in the tubing has lost its yellow tint. If the needle
FIG. 3. FIG. 4.
is withdrawn too early, before some saline has run through it, there is more
likelihood of thrombosis occurring. If the operator is skilled and wishes to save
time, it is a good plan before inserting the needle to allow saline to flow until the
bottom window just begins to acquire a yellow tint, indicating the arrival
of the' 606 ' at that point. This leaves a few cubic centimetres of saline to act
as pilot and ensures that the needle is not covered with '606' solution at the
moment of its insertion.
In order to overcome certain inconveniences connected with the single-
funnel apparatus, such as the necessity of standing ready to pour saline into the
funnel at the critical moment when the' 606 ' is about to disappear down the
tube, the writer in 1910 suggested the double arrangement, which, after some
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slight modifications, has arrived at the pattern illustrated in Fig. 4. It is on the
same principle as the single apparatus, but the main portion of the saline
is contained in a separate funnel. Before the '606' is poured into its proper
funnel-L in the illustration-the whole system is filled with saline by pouring
this into one of the funnels and, having opened the clips 1 and 2, allowing it to
find its way via the Y-pieee into the other. The air is then removed precisely
as described in the case of the single apparatus. The saline is then made to flow
out of the funnel L (by raising it above the other) until the level stands just
at the top of the tube leading out of it, when the clip 2 is closed. After inserting
the needle into the vein and opening the tap T behind the needle the level of the
saline in the funnel R is watched to ascertain that the flow is satisfactory. The
saline is then cut off by closing clip 1, and the' 606' turned on by opening
clip 2.
The apparatus is a very convenient one for institutional work, since it
requires very little attention after the needle has been inserted. A number of
sets can be suspended from a horizontal bar, and one operator with three or four
attendants can comfortably manage four sets at one time.
A few hints on the technique of veni-puncture may be useful. The vein
selected is usually in front of the forearm, close to the bend
of the elbow, but on occasion operators have to use other veins,
such as one at the back of the hand or the wrist. If the vein
has been injected previously it is a wise precaution to palpate
it in order to see that it is not thrombosed. The vein is
made prominent by fastening a rubber band round the limb
on the proximal side of the proposed site of the puncture, in
such a manner as to retard the venous but not the arterial flow,
and by making the patient clench and unclench his fist a few
times, leaving it clenched (Fig. 5). Slapping the arm with the
palm of a hand, or with a towel, or steeping it in hot water,
are devices adopted at various times to assist distension of the
vein. If the vein does not stand out prominently it can
FIG. 5. generally be felt, unless the patient is too stout, or both stout
and muscular. In the latter event it is usually better to
make the patient open his hand, since the rigidly contracted muscle b~hind
the vein prevents the latter from being detected by palpation. A needle
with a short point is used, since if the point is long it is apt to damage
the vein wall more easily and may, moreover, lie partly in and partly outside
the vein, allowing some of the solution to trickle into the surrounding tissues.
The edges of the bevel at the needle opening should be slightly concave. Some
makers produce needles which are ground quite flat here, and they are very
trying instruments, since the point of such a needle will not pick up the vein
wall. The needle point should be inspected to see that it is not turned.
A very common cause of failure is neglect by the operator to fix the skin
over the vein so that skin and vein are, as it were, one. The forefinger of the
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operator's left hand should be laid firmly on the skin distally to the site
of the puncture and far enough away from it not to force him to plunge
the needle into the vein at too great an angle. It is an ad vantage to take
a long hold of the needle (behind the tap in the arrangement shown in Fig. 4),
as too short a hold blunts the sense of touch. The needle is introduced along
the direction of the vein, being held at a slight angle to the plane of the skin,
and with its eye looking upwards. The skin may be punctured directly over the
vein or slightly to one side of its crown. The very common tendency at this
point is to gaze vaguely over the site of the puncture instead of concentrating as
closely as possible on it and picturing by every sense possible the position of the
needle until the latter has entered the vein; this is a very frequent cause of
failure. Another common tendency is to jab the needle through the skin, jab
at the vein, and to end up somewhere, with the needle buried up to its hilt.
A deliberate puncture with a strength of movement which is just sufficient to
carry the needle point through the skin, the faintest possible pause to gauge the
position of the point with relation to the vein, and then a similar, onward push
to carry the point with a few millimetres of the stem into the vein are usually
most successful. If the operator watches the site of the puncture he will usually
see a sign which is of great value. Before the needle enters the vein, while
in fact it is pressing back the anterior wall of the latter, a little dimple appears
in the skin over the needle point. When the latter enters the vein the dimple
flattens out. If the operator is uncertain of having entered the vein he can
verify the fact by disconnecting the needle, when successful puncture will be
demonstrated by a flow of blood from the needle. On remaking the connexion
the needle should be grasped firmly and the connexion made in such a manner
as not to disturb the needle point.
When the needle has entered the vein the necessary tap or clip is opened
and the site watched for swelling, which would indicate that the needle point
had become dislocated. If the latter happened with an infusion apparatus which
was not more than three feet above the patient's arm, the flow of saline would
quickly stop. After the flow has been established it may stop or become
extremely slow. This is usually due to one of three causes. The needle opening
may be pressing against the vein wall; this is rectified by moving the needle
slightly, or rotating it. If this manoeuvre does not re-establish the flow the
solution should be cut off, the tubing disconnected from the needle, and the
tourniquet reapplied. If no blood appears the needle is either dislocated or
blocked with clot. In the former event the needle can usually be brought back
again into the vein by moving it intelligently until blood flows. This failing,
another site must be chosen.
It is often taught that the sign of a dislocated needle is the appearance of
a swelling over the vein. This generally does happen, but if the needle point is
in the tissues on the deep side of the vein no swelling may appear. The few
really bad arms resulting from misplaced '606' solution, which the writer has
seen, have been in cases where the operator, relying only on this sign of
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swelling, which did not appear, assisted the flow by raising the funnel or
pumping harder, according to the nature of the apparatus in use. The patient
generally feels a burning pain at the site of the injection if the solution is
running outside the vein. He may, however, think that this is usual and say
nothing about it unless asked.
With a solution of a strength of 0·3 per cent. to 0·4 per cent., a rate of
30 to 40 c,c, per minute (say, four minutes for the administration of 0·3 grm. in
90 c.e. with attendant saline) is usually well borne. If the solution is more
concentrated, or if the patient had previously shown signs of vaso-motor
disturbance, to be discussed later, it should be given much more slowly.
The Administration of '914 ', Intramuscular and Subcutaneous Injections.
The objections to this form of administration which were mentioned in the
case of '606' do not apply in nearly the same degree to '914 ', Even when
injected in simple solution it is not followed by nearly the same amount of pain
as that which results from the local injection of ' 606 '.
As to local necrosis, Riebes (35) found in animals that just after the injection
the muscular bundles were rather separated, and muscles, fibres, and nuclei
somewhat shrunken and difficult to stain. After three days only a slight
infiltrate was seen, and in eight days numerous connective-tissue cells surrounded
the site of injection. As to absorption, he found only an insignificant amount
of '914' at the site of the injection after twenty hours. This contrasted with
the site of a '606' injection which showed some of the remedy there ten
weeks later.
H.F. Swift (36) found more necrosis than this after injection of '914' into
the lumbar muscles of rabbits, but the necrosis was not nearly so severe, nor the
inflammation surrounding it so intense, as after an injection of '606 '. As to
absorption, applying the Abelin test for unchanged' 606' or '914' to the injected
areas, he found that as much had been absorbed from the site of the '914'
injection (75 per cent. to 85 per cent. of the dose) after one week as after six
weeks following a ' 606 ' injection.
The intramuscular or subcutaneous method has not so far become popular.
Emery (37), commenting on the adherence of Balzer (38) to the intramuscular
method, asks what is the interest in this disused method, which has been
abandoned generally on account of its inconvenience and smaller activity.
On the other hand, Wechselmann (39) is a strong advocate of the deep
subcutaneous injection of '914' and holds that it is practically painless under
a proper technique. He believes that it is much more effective than the
intravenous injection of '606', seeing that one gramme of '914' given in this
way has often produced in his hands a lasting negative Wassermann reaction,
which he has rarely seen achieved by intravenous injection of the same
equivalent amount of' 606'. He considers the superior therapeutic effect of the
subcutaneous method to be due to the slower excretion of the' 914' when
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administered in this manner. It is interesting in this connexion to recall the
fact that methods of intravenous injection which result in slower excretion of
the remedy are believed by many to produce better therapeutic results.
Harrison, White, and Mills (40) found in two parallel series of similar cases
treated with equivalent amounts of '606' intravenously and '914' intra-
muscularly or subcutaneously, that the negative Wassermann reactions at the
end of the course were 12 per cent. better after the intramuscular or subcutaneous
injection than after the intravenous, as shown in Table I.
TABLE 1.
Sho1wing the Wa8ser'mann Reaction after the Injection of 2·8 grm. Salvarsan
Intravenously and after the Subcutaneous Injection of 4·2 qrm, Neo-
salvarsan, or Less, respectively.
Wassermann Reactions at End of Course.
Stage of No.Method. of Actual. Percentages.Disease. Cases.
+ ± ~ + ±. ~
{ Subcutaneous 67 0 0 3 64 0 0 4·4 95·5Primary Intravenous 79 3 6 4 66 3·7 7·5 5·0 83·5
{ Subcutaneous 76 11 4 7 54 14·4 5·2 9·2 71·0Secondary Intravenous 141 35 16 8 82 24·8 11·3 5·6 58·1
{ Subcutaneous 18 10 3 1 4 55·5 16·6 5·5 22·2Tertiary Intravenous 31 18 1 3 9 58·0 3·2 9·6 29·0
Interpretation of symbols: + = positive reaction; ± = doubtful reaction, nearer positive
than negative; ±.. = doubtful reaction, nearer negative than positive; - = negative
reaction. -
Notes.- 22 received 4·2 grm, neosalvarsan (equivalent to 2·8 grm. salvarsan}: 40 received
4·05 grm. neosalvarsan (equivalent to 2·7 grm. salvarsan) ; 99 received 3·9 grm. neosalvarsan
(equivalent to 2·6 grm. salvarsan). All cases in each series received one weekly injection of
mercury grm, 1.
The Technique of Subcutaneous and Intramuscular Injections of '914 '.
Wechselrnann and Eicke (loe. eit.) recommend that the solution be placed
on the fascia covering the glutei, on account of the comparative freedom from
pain and of the better absorption of the remedy which results from choice of this
site. The dose (0.1 to 0·45 grm.) is dissolved in 1 c.e. saline; the needle is
inserted over the glutei in such a manner that its point lies in the loose tissue
immediately overlying the fascia. This is ascertained by two signs: (i) on
rotating the needle the skin does Dot twist with it, and (ii) when some saline is
injected through the needle (which is one with a rather wide bore) it returns
freely through the latter. In practising this method, the correct position of
the needle can be ascertained by scraping its point over the fascia, which
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communicates a characteristically harsh feeling to the operator's hand. Or by
pushing the needle right through the fascia at a slope and withdrawing it again
whilst levering the point outwards; as the needle leaves the fascia a charac-
teristic click is felt. Major O. F. White (private communication), on an
experience of 9,000 subcutaneous and intramuscular injections, prefers the
former.
Balzer and Beauxais-Lagrave (41) have experimented with various solutions
and oily suspensions for intramuscular injection and, so far, have found the
following to be the best:
Novarsenobenzol . 0·2 grm.
Guaiacol crystal 0,2 grm.
Stovaine. . 0·01 grm.
Solution of glucose (chemically pure) 180 per cent. to 1 e.c,
The guaiacol and stovaine are anaesthetic and antiseptic, while the glucose,
being a reducing substance, is calculated to prevent oxidation of the' 914 ', The
authors maintain that the preparation is stable. After twelve to twenty-four
hours it sets to a thick mass, which becomes fluid again on gentle warming. It
is claimed for this method that the pain which results from the injection is
negligible and has disappeared after two hours. If it persists it can be relieved
by hot fomentations and the administration of pyramidon or of aspirin. A dose
of 0·25 grm. is administered to men twice a week into the gluteal or the lumbar
muscles, and fifteen to sixteen injections are given in one course.
Harrison, White, and Mills (loc. eit.) have tried both these methods. They
found that after the deep subcutaneous injections of 0·6 grm. the injection was
tolerable, but apt to be followed by tender swellings over the site. As above
mentioned, White now prefers the subcutaneous method, since it does not leave
any stiffness of the muscles. The dose employed was greater than that recom-
mended by Wechselmann, and this, no doubt, accounts for the discomfort having
been greater than that recorded by the latter.
The mixture of Balzer and Beauxais-Lagrave was found to be stable within
the limits of the observation period (about three weeks), and well borne in the
doses recommended by these workers; but a higher dose, which was aimed at in
order to reduce the number of injections necessary, caused sufficient discomfort
to stimulate further efforts at improvement of the mixture. After trying
various combinations, one in which the solution was emulsified with a creosote-
camphor cream base, or with camphophenique, was found to have given the
best results up to date. The details of technique at present practised at
Rochester Row, which were not given in the original paper, are as follows:
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Technique.
1. Take a record syringe, remove the piston, and cap the nozzle with, say,
the base of a hollow needle with the stem hole made up, or a metal cap made for
the purpose.
2. Pour 10 minims of distilled water into the syringe and dissolve the' 914'
in it with the help of a glass rod. In doing so, hold the syringe vertically and
pour the powder into the water in such a manner that none touches the sides.
3. Make up to 2 c.c. with the melted creosote-camphor cream base (formula
4631, B. W. & oe, melting at 15° C.).
4. Refit the piston, removing the cap temporarily whilst doing so.
5. Replace the cap when the piston is half-way up the barrel and shake
well.
6. Insert the needle first into the gluteus medius, as for intramuscular
injections of mercury-upper and outer quadrant of the gluteal region. Push
the needle in until its point touches the iliac bone, then withdraw it about two
millimetres.
7. See that no blood is oozing from the needle base.
8. Holding the needle in order that the position of its point may not be
disturbed, fit the syringe to it and inject slowly. If the patient complains of
pain running down the leg, withdraw the needle and select another site.
9. Before removal, rotate the needle once or twice on its long axis, and as it
is being withdrawn, pinch up the skin and subcutaneous tissues around the
needle as if to wipe the latter dry with skin and subcutaneous tissues.
10. Hold the skin and subcutaneous tissues thus for a few seconds after the
needle has been withdrawn.
11. Give a hypodermic injection of morphia, gr. 1-1, into another site.
12. Massage the site of the' 914' injection with a large pad of cotton-wool
the size of a tennis ball sewn up in lint, so as to dissipate the dose.
At the present moment this technique has succeeded in very largely
abolishing immediate pain, and the great majority of patients make no com-
plaint whatever. Three or four days later, however, a local reaction commences
which makes the gluteal region stiff and rather tender for a few days.
Patients of sedentary habit seem to suffer more, since soldiers on full training
duties do not ask for' excused duty' or 'light duty'. Patients naturally vary
greatly with regard to local reaction and pain, and it is difficult to convey by
description an accurate impression of it. The practice at Rochester Row is to
give seven injections at weekly intervals, and it is rarely that the course has to
be interrupted on account of local reaction, while in some cases thirteen or
fourteen injections have been given without interruption. Complaints as to dis-
comfort have been encouraged by careful inquiry, in full knowledge of the fact
that an enthusiast is notoriously apt to be blind to the disadvantages of his pet
method, but very few patients have requested a change to intravenous treat-
ment. The writer is fully conscious that the method is not yet perfect, but the
[Q. J. M., July, 1917.) Y
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encouragement to persevere with its improvement lies in the fact that while it
is not followed by any vaso-motor disturbance and the technique is so simple
that it can be practised anywhere, the therapeutic results are better than those
which follow the intravenous method.
The Intravenous Injection of ' 914 '.
When first introduced '914' was dissolved for intravenous injection in
about 100 c.c. distilled water or 0·4 per cent. saline at room temperature and
given in much the same manner as '606' is injected now. But since Ravaut (42)
and Duhot (43) independently advocated the injeotionrif this remedy in con-
centrated solution, the latter method has generally been adopted.
It has the advantages of simplicity and probably greater safety, since
a shorter time intervenes between the opening of the ampoule and the injection
of the remedy, while the latter is brought less into contact with such disturbing
elements as water impurities, which will demand considerable attention below.
The writer has used boiled tap-water (10 e.o. for the solution of 0·9 grm.
of' 914 '), as recommended by Stern (44) and by Katzenstein (45), with impunity
in some thousands of injections.
Alexandrescu (46) gives a solution which is still more concentrated. He
dissolves 0·9 grm. of' 914' in 1 to 2 e.c. of distilled water in the ampoule itself.
This is also the practice of Strauss (47) and of numerous medical officers in the
French Army (48).
The technique of administration of concentrated solutions is simple. The
dose may be dissolved in the syringe itself or in a small gallipot, using either
distilled or boiled tap-water. It is wise to fit a short pointed needle to the
syringe for the same reasons as were mentioned in the case of ' 606 '. When the
needle has entered the vein blood is seen to flow back into the syringe, especially
if the piston of the latter is gently pulled upon. 'I'he injection can usually be
completed in one minute from commencing to press the piston home, but in
some cases it may be advisable to inject much more slowly, as in the case
of' 606'.
The Fate of ' 606' and' 914' after Injection.
Abelin (49) by testing for the amido group of ' 606' found that it continues
to circulate in the blood as such for about one and a half hours.
Riebes (50), applying the same test, found that in practically all cases
, 606 ' could not be detected as such in the blood after three hours. In the urine
it was found from a few minutes to about twelve hours after the injection, the
great majority of the sixty-five cases tested failing to give the amido reaction
after nine hours. The effect of repeated injections was interesting in that
patients who received three injections of small doses in two days were those who
gave the reaction in the blood serum later than four hours after the last
injection. One patient, who gave a salvarsan reaction in the blood 8S long as
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nineteen hours after the injection, died three days later. The vomit gave the
reaction once only in seven cases. In this case the' 606' did not appear in the
urine for three hours, and this was the only patient who displayed symptoms of
vaso-motor disturbance.
McIntosh and Fildes (51) found that after injecting a rabbit with 0·15 grm.
e 914' per kilogram the blood was practically free from arsenic two days
later. The dose here was proportionately to weight about ten times as much as
that used by Riebes on patients.
Swift and Ellis (52), experimenting on the effect of the blood serum on
spirochaetes, found that one hour after injection the serum had a damaging effect,
but that this had disappeared after six to twenty-four hours, by which time the
serum had also become therapeutically less active. They found also that heating
the serum increased its antispirochaetal and therapeutical power. The time
during which these authors found active spirochaeticidal properties in the blood
agrees closely with that found by Abelin and by Riebes as the period during
which' 606' circulates as such in the blood. It differs considerably from the
findings of Stlihmer (below), but the latter injected proportionately to weight at
least seven times as large a dose.
Swift (53) estimates that one hour after an intravenous injection of' 606'
the blood contains 0·01 mg. per c.c., and 10 to 20 e.c, serum would then contain
0·1 to 0·2 mg. of ' 606', which is the amount he recommends for intraspinal
injection.
Stiihmer (54), experimenting on rabbits, found that after the injection
of 0·075 grm. e 606' per kilogram, or about seven times as much propor-
tionately as is given to man, he could detect evidence of ' 606' or an active
derivative of it up to seven days after injection. Thus, when samples of serum
were tested for their protective power against trypanosome infection of a mouse,
it was found that serum drawn off three days after injection, heated at 56° G.
for forty minutes, and mixed with blood containing active trypanosomes pre-
vented infection by the latter when the mixture was injected after five minutes'
contact. Serum which was drawn off seven days after the injection and
similarly treated postponed but did not prevent eventual infection. Chemically,
the blood serum gave the Ehrlich-Bertheim reaction for' 606' for as long as it
gave any protection. Serum which was not heated was much less powerful, pro-
tecting only up to twenty-four hours and postponing infection when drawn off
not later than two days after the injection; similarly, unheated serum gave
a weaker Ebrlieh-Bertheim reaction. He concludes that since 1 c.c, of a 1 in
800 solution of' 606' (0·00125 grm.) would have been required to afford the same
protection, and since it was impossible for this quantity to have been present in
the 0·5 c.c. of rabbit serum which was used, the latter must have derived its
antispirocbaetal power from some derivative of '606 '. He found that the serum
lost its protective power much more rapidly after intravenous injection of' 914',
the effect having disappeared after two days.
The excretion of arsenic after e 606' and e 914' injections has been worked
y 2
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out by numerous workers, whose results substantially agree. After intravenous
injection of' 606' the greater part of the arsenic has disappeared from the urine
and faeces in from ten to fifteen days, though traces may be found for months.
It is interesting in connexion with the delayed commencement of excretion
reported by Reihes (above) that Bar (55) reported a case in which no arsenic
was found in the urine for the first twenty-four hours, and this patient
developed hemiplegia and convulsions, and died comatose on the third day after
injection.
As mentioned, Stern and others found that after' 606 ' had been injected intra-
venously in concentrated solution it was excreted much more slowly.
The excretion of arsenic appears to be much more rapid after intravenous
injection of '914'; thus Hudelo (56) found that most of it had disappeared
in eight hours, and practically none could he found after two days.
All workers agree as to the very irregular and slow excretion of arsenic
after intramuscular injections of '606', but this does not apply to '914'
administered in the same way, the excretion of arsenic under this method
approximating closely to that which follows the intravenous injection of '606 '.
Fraenkel-Heiden and Navassart (57) found that the bowels excrete from two
to ten times as much of the arsenic as the kidneys.
Arsenic is found in the organs for months after the injection of both
remedies; thus Stumpke and Siegfried found evidence of its presence in spleen,
heart, lungs, kidneys, and especially in the liver, for months afterwards.
Ritter (58) found arsenic in the liver of a rabbit up to thirty days after
an injection of 0·01 grm. '606' per kilogram. When two injections had been
given at an interval of eight days arsenic was found up to seventy days later, and
after three similar injections in sixteen days it was found a hundred days later.
This illustrates the slower excretion of the remedy and its cumulative effect
which result from repeated injections.
Practically all workers agree that while arsenic may be found in all organs,
except the brain, after injection of '606' and' 914', the greatest amounts are
generally found in the liver. As to the brain, opinion is almost unanimous that
neither '606' nor '914' reaches the parenchyma of this organ unless it is
injected intrathecally.
Mcfntosh and Fildes (51) conducted an elaborate research into this question
in the case of rabbits which had been injected with '914', and found that,
although brain tissue will combine in vitro with this remedy, as well as when
the latter is injected intrathecally, none could be found in the brain even after
repeated injections, except once when 0·0001 grm. of' 914' was found in 10 grm.
of brain twelve hours after the last of eight injections of 0·05 gnu. ' 914' which
had been given in four days. This agrees substantially with the results
obtained by Ullmann (59), who found arsenic in the brain extremely seldom,
and then only in quanti.ties which could not be estimated. Riebes (loc. cit.)
found minute traces of arsenic in the brain once in twenty-six cases. The records
as to the finding of arsenic in the brain of patients who have died as the result
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of '606' and' 914' injections are almost unanimously negative, and the con-
clusion is that when injected intravenously or intramuscularly these remedies
must reach the parenchyma of the central nervous system only very excep-
tionally in quantities which are chemically detectable.
The Effect of' 606' and '914' on the Tissues.
Practically all are agreed that the injection of these remedies is followed by
a fall in the blood pressure. Thus, Heden (60) found the pressure reduced for
two to three days after an injection, while controls treated with saline showed
no fall. Auer (61) showed a fall of blood pressure in a rabbit after injection of
'606' and believed that this was due to the effect of the drug on the heart.
Rolleston (62) found that both the diastolic and systolic pressure fell after
injections of '914', though both were raised during the actual injection, especially
if this was the first. He does not consider that the fall in blood pressure is due
to the direct action of the remedy, but that rest in bed isa factor. The rise
during injection is the result of the excitement.
Heden (loc. eit.) found a moderate leucocytosis after injections of '606',
and this has been confirmed by many observers. Hudelo (56) found after
injections of '914' a moderate, but inconstant, leucocytosis (8,000 to 14,000
per c.mm.), and a diminution of red blood cells (by about 200,000 to 1,000,000
per e.mm.). This also has been noted by various workers.
Milian (63) considers that a vaso-dilator action is exercised, and that the
serous exudation into the tissues which results from this accounts for many
of the side effects to be mentioned later.
Numerous workers have investigated histologically the tissues of men and
animals after death from poisoning by the newer arsenical remedies. Most are
agreed that the changes found are the result of poisoning by these remedies,
and not by endotoxins of spirochaetes killed by them, as was claimed at first.
Marschalk6 and Veszpremi (64) investigated carefully the tissues of a patient
who died a few days after an injection of' 606 '. The chief changes were found
in the brain, which showed numerous punctiform haemorrhages, around which
the brain substance was somewhat oedematous. A similar haemorrhage, the
size of a poppy seed, was found in the left endocardium. Otherwise, except for
considerable congestion, the other organs presented to naked-eye examination
nothing particularly abnormal.
Histological examination of the haemorrhagic areas in the brain showed
the capillaries to be blocked with hyaline thrombi, in which no red cells were
visible, while in other vessels, some of them larger, the thrombi were attached
to the vessel wall, partly blocking it. In addition to this, the larger capillaries
and some of the other vessels showed such a degree of stasis that the red cells
were collected into large masses in which the individual corpuscles could not be
recognized. The extravasation of red blood cells had taken place from the
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capillaries, in some places completely filling the perivascular lymph spaces and in
others extending into the neighbouring brain tissue. The condition of stasis,
with filling of the capillaries with hyaline thrombi, was found also in some
places which had appeared normal to the naked eye. There were no signs
of previous disease, and the authors, having produced similar changes in rabbits
which they had poisoned with the remedy, concluded that the changes found
were due to poisoning with '606 ', They considered that '606' by its
damaging action on capillary endothelium causes spastic contraction of the
vessels, leading to thrombosis and transudation of blood cells from the blocked
vessel.
Other workers have found similar changes in the kidneys. Busse and
Merian (65) found minute haemorrhages in the kidneys, with cloudy degenera-
tion and extensive shedding of the epithelium of the convoluted tubules, many
of which showed only shadows of epithelium. Similar changes were found in
the glomeruli. Stlihmer (66), reporting on the kidney changes in two cases
of death following an injection of' 914', found that these were similar to those
produced by mercury-vascular nephritis, with necrosis and calcification of the
epithelium of the straight and convoluted tubules. Having produced the same
effects by injections of hydraldite and sodium hydrosulphite (substances which
are used in the manufacture of ' 914' and of '606 '), as well as by injection
of laked blood cells, &c., he holds that the toxic effect is the result of the presence
in the blood of reducing substances, and not of arsenic.
Greff (67) found in rabbits which were killed with 0·1 grm. ' 606 I per kilo-
gram tubular nephritis, with necrosis and calcification of tubules in certain
parts. Pearce and Brown (68) conducted an exhaustive research into the effect
of various arsenical preparations on the kidneys and suprarenal capsules. They
found that, while arsacetin produces a tubular nephritis and the effect of arsenious
acid is on the vessels, that of '606' and '914', as well as galyl, is generally
a combination of the two. There was considerable necrosis of the cortical
tubules, which was most marked in the inner half, while congestion and
haemorrhages, though general, w.ere especially marked in the outer half of the
cortex. On the suprarenal glands toxic doses produced congestion, haemorrhages,
and disturbance in the lipoid content. This may be a factor of importance in
the production of side effects.
The kidney changes recorded above have been confirmed by Gennerich (69)
and many others in fatal cases.
Ricker and Knape (70) concluded as a result of observations on the mesenteric
vessels of animals that' 606' and' 914' may cause blood stasis and capillary
haemorrhages when the vessels are exposed to abnormal irritation, even though
the effects of such irritation may not have been noticeable in the vessel imme-
diately before the arrival of the arsenical preparation.
Viktor Caesar (71), discussing the causation of cerebro-disturbances, came
to the conclusion that the primary effect is on the capillaries. He quoted the
finding of Schmorl, who could discover no thrombosis, but a generalized fatty
by guest on June 7, 2016
D
ow
nloaded from
 
THE TREATMENT OF SYPHILIS 313
degeneration of the capillary endothelium, even in places where there was no
haemorrhage.
Wechselmann (72) holds that '606' acts primarily on the vessels of the
kidneys. If these had been damaged indirectly by the previous administration
of mercury, which causes at first a tubular nephritis leading later to disease of
the vessels, the latter are less able to withstand the effects of the arsenical pre-
paration. The first dose in such cases may not produce any appreciable results,
but a second may cause complete loss of ability to excrete the' 606' which is
retained in the blood. Here it acts as a reducer: removing the oxygen from the
blood cells and producing a form of internal suffocation which is manifested by
the intense cyanosis, convulsions, and coma, which are seen in fatal cases. In
this connexion the observation of Riebes, mentioned above, as to the finding
of '606' in the blood of fatal cases long after it should have disappeared is
interesting, and it is quite possible that a diminution in the amount of urine
excreted after injections of these arsenical preparations may be a warning
sign that the remedy has had a more profound effect on the kidney vessels than
is usual.
The writer has had the opportunity at various times of examining the
organs of cases which have died after injections of' 606', death having been the
result of convulsions in one case, and of the complications of dermatitis in others.
In the case where the patient had died in convulsions only the brain and kidney
sections were available. The former showed no particular abnormality, but in
the kidney were found changes similar to those described above. In the fatal
cases which followed on dermatitis a histological examination was possible only
once, and here were found haemorrhages into the lung alveoli, with stripping
of the epithelium of the duodenum. (For the preparation of and the reports on
these specimens the writer is indebted to Dr. J. A. Murray, of the Imperial
Cancer Research, acting on behalf of the Medical Research Committee.) In this,
as in other cases, a noticeable feature was the large number of submucous
petechiae and small ecchymoses which were seen macroscopically in the large and
small intestines, and the purpuric spots found scattered over the skin during
life. Similar haemorrhages into the lungs have been observed by the writer in
rabbits which have been killed with' 606 '.
A tentative conclusion from the observations recorded above would appear
to be that' 606' and' 914' exercise their toxic effects chiefly on the capillaries
and vessels generally, and that the nature of the manifestations which develop
as a result of this depends on the topography of the affected vessels. If these
are situated in the brain, capillary haemorrhages appear there; if in the kidneys,
a vascular nephritis is produced, and it is possible that dermatitis is the result
of damage to the capillaries of the skin. It is possible that, as found experi-
mentally by Ricker and Knape above, an abnormal condition of the capillaries in
one situation or another determines the organ or tissue in which the toxic effect
becomes manifest. Thus, it is a frequent observation at Rochester Row that
patients who are naturally prone to dermatoses are more likely to suffer from
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erythemata and dermatitis under injections of '606' than others. Possibly an
early stage of the process is a wide dilatation of the vessels followed by serous
exudation, which may proceed to minute blood extravasations. This would
explain all the stages from simple vaso-motor disturbance to epileptiform con-
vulsions on the one hand, or to dermatitis on the other.
The cumulative effect of these remedies is agreed upon by all writers. This
is seen clinically in the fact that patients who have shown the most severe toxic
effects have in the majority of instances done so after a number of doses had
been administered. For the most part the intervals between doses have been
very short, but in a number of cases they have been sufficiently long to allow
of a large proportion of the preceding dose being excreted, and it is possible in
these cases that each succeeding dose contributed its quota to the damage, which
was finally precipitated by a fresh dose. The following experiment may illustrate
the point. Incidentally it throws a little light on the varying experiences
of different clinics as regards the occurrence of late toxic effects,although all may
appear to be similar in regard to the incidence of immediate reactions. Some
, 606' of a particularly good batch was prepared for administration by two
different methods, A and B, which, though differing slightly, are in fairly common
use at the present moment. Three rabbits were injected intravenously with
0,08, 0·10, and 0·12 grm. respectively per kilogram, prepared by Method A,
and three others of approximately equal weight were injected with similar doses
prepared by Method B. All six rabbits survived. The following day each
of the first three received a further dose of 0·08 grm. per kilogram prepared
according to Method A, and the second three a similar dose prepared by
Method B. The first three rabbits died the same night. One of the second
three died ten days later and post-mortem showed no particular evidence
of' 606' poisoning. The other two rabbits were killed off after three weeks.
Clinical Side Effects, their Prophylaxis and Treatment.
The literature on the side effects which may result from the administration
of the newer arsenical compounds is uniform as to the nature of the symptoms
which may be encountered, but the opinions as to the aetiology of these are
somewhat conflicting. Before discussing this, it may be well to detail the
symptoms which may be displayed after injections of ' 606' and '914', apart
from the therapeutic effects of these remedies.
In roughly chronological order they are as follows.
Occurring during, or immediately after the injection:
(i) Vaso-motor disturbances, also known as anaphylactoid symptoms, or
minor nitritoid crises.
(ii) Syncope.
(iii) Pain in the gums and teeth.
(iv) Peculiar taste in the mouth.
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Following the injection usually by a few hours, and occurring generally on
the same day:
(v) Rigor, rise of temperature, headache.
(vi) Vomiting, diarrhoea, pain in the back, and cramp in the legs.
(vii) Urticaria, herpes (labialis and zoster).
At various times from a day or two to a month or longel' after a single
injection or a course of such:
(viii) Albuminuria.
(ix) Stomatitis.
(x) Chronic headache, lassitude, loss of appetite, weight, and sleep.
(xi) Erythema and dermatitis.
(xii) Jaundice.
(xiii) Severe cerebral symptoms.
To consider the above rather formidable list in detail:
(1) The coso-motor syrnptoms, which have also been designated by different
authors as anaphylactoid or as nitritoid crises, vary somewhat in degree and
occur only after intravenous injections. They are commoner after injections of
, 606 ' than' 914', and the most usual symptom is puffing of the face, dilatation
of the pupils, rapid pulse, feeling of constriction about the mouth and throat,
and perhaps some precordial distress with coughing. In a more severe degree
the face becomes intensely congested, the lips and tongue may swell considerably,
the precordial and respiratory distress is great, and there may be some con-
vulsive twitching of the limbs, If the symptoms commence after the patient has
left the table and before he has got to bed, he may lose consciousness, or this
may occur on the table. Sometimes immediately after an attack the body is
covered with urticaria. Usually all symptoms have passed off in about half an
hour, but exceptionally they may persist for several hours. As to their frequency,
it is difficult to form an estimate, since some patients are particularly susceptible,
being affected with every dose they receive, and one such case increases the
percentage incidence in a hospital considerably. Again, there is no doubt that
different batches of the remedy vary in their power of promoting these vaso-
motor effects and the use of a disturbing batch for some time increases the
incidence in that clinic. On an average, one would judge the proportion all the
year round to be rather less than 1 per cent. of injections. Lloyd Jones and
Gibson (73), dividing the above symptoms into cardiac, respiratory, and cerebral,
according to the predominance of signs, found that the incidence under each
category was 0·53 per cent. of injections. Milian's experience of the treatment of
532 cases showed that twenty-six of these, or 4·88 per cent., suffered from these
symptoms during the course of their treatment.
As to their causation, on account of their similarity to those of anaphylaxis
01' of serum sickness, various authors have attributed the above symptoms to
this cause, but this view has not received much support. Stlihmer (66) con-
sidered that the effect of '606' and of '914' on the blood was sometimes to
produce a foreign albumin, the repeated introduction of which into the circulation
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had the same effect in producing serum sickness as the injection of a foreign
serum such as horse serum. He considered the symptoms, in fact, to be due to
auto-anaphylaxis.
Against this view Brauer (74) showed that the injection of the serum of
affected patients into animals does not produce a passive anaphylaxis. He
considers that the symptoms are vaso-motor in origin. Auer (75) failed to
produce any anaphylaxis in animals by suitably spaced injections of' 606 " such
as would occur under injection of a foreign serum.
Milian (63), as mentioned above, attributes the symptoms to serous exudation
following on great vaso-dilation. If this occurs in the brain a form of serous
apoplexy results, giving rise to cerebral symptoms of greater or less severity which
may not be manifest for a few days, as in the cases where the patient develops
convulsions. A milder degree of the same cerebral vascular dilation would
cause more or less severe headache. Owing to the similarity of the symptoms
to those produced by amyl nitrite, he named the symptoms nitritoid crises
and recommended for their treatment the intramuscular injection of Ii to 2 c.e.
of a 1 in 1,000 solution of adrenalin hydrochloride. The exhibition of this
remedy has often been found efficacious at Rochester Row, both therapeutically
and prophylactically, the latter in cases which have previously been affected.
Often a smaller dose, say 10 to 15 mm. of adrenalin, injected immediately prim'
to the administration has prevented the symptoms from appearing in a patient
who has previously suffered from them.
(2) Syncope. It is a fairly common event for a patient to become faint
during the injection. In the majority of instances the cause is mental, and in
the remainder it is usually found that the patient has indulged in a meal
immediately before the injection. In the latter case the symptoms are the
prelude to an attack of vomiting.
(3) Pain in the qu/m« and teeth has been noticed by various authors and
attributed by some to destruction of spirochaetes in the decayed socket, since it,
probably occurs more frequently in patients suffering from stomatitis. It is
unlikely that this is the explanation, since the exhibition of these remedies
through the blood-stream appears to have little effect on the number of spiro-
chaetes which are found in cases of pyorrhoea. It is much more likely that the
symptoms are vaso-motor in origin, and that the added congestion of the gums
produced by dilatation of the vessels there is the cause of the pain. If this is
correct, pain in the gums, &c., could be regarded as a minor form of the symptoms.
mentioned under (1).
(4) A taste of garlic, or of ether or chloroform, during the injection was
considered by Milian (loc. eit.) to be a minor sign of intolerance. It occurs most
frequently when concentrated injections are being given, and does not appeal
to the writer as a sign of any importance.
(5) Urticaria during or immediately after the injection is comparatively
rare, but when it does occur then it usually succeeds a severe vaso-motor reaction.
It is rather more common as a later event.
(6) Rigor, rise of temperature, and headache are amongst the commonest
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sequelae of arsenical injections. The symptoms usually appear within two
hours and have generally disappeared by the following morning. Rigor and
headache are usually so slight that the patient would not mention them unless
questioned; the rise of temperature is exceptionally to 1040 F. or even 1050 F.,
but in the vast majority of cases it does not reach 1010 F. In frequency these
symptoms vary very greatly with the type of case, and practically all agree that
with modern technique they are by far the most frequently found after first
injections, especially in cases of generalized syphilis.
Lucey (148) found that rigor occurred in 5 per cent., and headache in 17 per
cent. of his cases. Lloyd Jones and Gibson (loc, cit.) found that rigor occurred
in 9·9 per cent., and headache in 27·3 per cent. of the 1,320 injections on which
they reported. The experience at Rochester Row is illustrated in Table II,
which shows the enormous preponderance of these symptoms after first injections
as compared with later.
(7) Diarrhoea and vomiting are much less, and are usually very slight, the
diarrhoea being limited to two or three loose motions, and the vomiting to little
more than retching. Very occasionally, one or both may be very severe and
accompanied by pain in the back and cramps in the legs. It usually happens in
these cases that a number of patients are affected on one day, and investigation
then discloses some error in technique. As to their incidence Lucey (lac. cit.)
found vomiting, usually slight, but occasionally severe, to be 7 per cent., and
diarrhoea, varying from two to eight motions in twenty-four hours, 10 per cent.
Lloyd Jones and Gibson reported vomiting some time after injection in 15·3 per
cent., and diarrhoea amounting to two or three loose stools in 24 hours, 29·3 per
cent. Tables II and III show the experience at Rochester Row regarding the
symptoms mentioned under (6) and (7), and it will be noted that, like rigor,
fever, &c., diarrhoea and vomiting are also more prevalent after first injections.
(8) Herpes labialis and, occasionally, herpes zoster are very infrequent.
Sometimes they appear very closely on the heels of severe attacks of vomiting
and diarrhoea, and in the experience of the writer they have been more frequent
at times when some error in technique has resulted in a short outburst of severe
reactions such as are mentioned under (6) and (7).
(9) Albuminuria is not common after injections of' 606' and' 914 '. Rarely
it is accompanied by casts. More often albuminuria precedes the first injection
and disappears afterwards. Appearing for the first time after the injection it is
naturally an indication for caution as to succeeding doses. Another indication
for caution is marked diminution in the quantity of the urine passed in twenty-
four hours, as already mentioned.
(10) Stomatitis. Except for the pain in the gums at the time of injection,
stomatitis has apparently not been attributed in the literature to the arsenical
preparation. This is probably because most workers treat syphilis by the
combined arsenical and mercurial method, and any· stomatitis which may occur
is attributed to the mercury. It is the strong impression of the writer, however,
that patients on combined mercurial and arsenical treatment suffer more fre-
quently from stomatitis than those under purely mercurial or arsenical. Probably
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the latter may not be nearly so active in causing stomatitis, but adds sufficiently
to the irritation produced by the mercury to precipitate a stomatitis which
would not otherwise occur.
(11) Chronic headache, lassitude, loss of appetite, general (malaise, insomnia,
and loss of weight are symptoms which are occasionally displayed during the
later parts of a course of injections. They are considered by Milian to be signs
of intolerance to the arsenical preparation and indications for caution regarding
succeeding doses. In the opinion of the writer they are signs, the observance
of which will often prevent the onset of more severe symptoms, such as derma-
titis, jaundice, and cerebral symptoms.
(12) Dermatoses in the form of urticaria have already been mentioned.
Some patients complain of itching of some particular part of the body after each
injection, and this may be a sign of intolerance. A patient in the care of the
writer suffered from severe pruritis ani after each injection of '606', and six
weeks after the completion of the course had a single epileptiform convulsion
from which he recovered easily. His cerebro-spinal fluid was normal in every
respect, and the convulsion was attributed to '606'. Patients occasionally
display, and that after a number of injections have been administered, an
erythema which may be punctate or morbilliform. It may be limited to a small
portion of the body and disappear in a few days, or may spread all over the body,
and then usually develops into severe exfoliative dermatitis. In the latter event,
which is fortunately rare, the body is covered with a scarlatiniform erythema,
and the face becomes considerably swollen. Numerous blisters or pustules form,
and the breaking of these leads to crusts and scabs, especially at the fissures.
The condition is accompanied by most extensive exfoliation of the epidermis, and
there is considerable pruritus. The skin assumes a deep red-brown tint, and after
scaling the patient looks genera.llyas if he had been boiled. The skin remains
in a semi-atrophic condition for many weeks after the acuter symptoms have
passed away, and considerable pigmentation results. The constitutional symptoms
may be slight, even in cases of severe dermatitis, but in these the health naturally
suffers from the loss of sleep and other causes incidental to the discomfort which
the skin condition entails. In other cases there is considerable rise of tempera-
ture, and this may be accompanied by diarrhoea; the tongue becomes dry and
brown, and the patient passes into a condition of toxaemia which is very similar
to that seen in typhoid fever. It is common in severe cases to find petechiae in
the skin after the dermatitis has progressed for some time. Broncho-pneumonia
is another serious complication of dermatitis and particularly fatal. The general
nutrition suffers severely in most cases and recovery is a matter of many months.
As to the incidence of dermatitis, little information is available from the
literature. Brauer (76) stated that dermatoses occurred in 1 per cent. of cases.
Lucey in the course of 600 injections saw a limited erythema in one case.
Lloyd Jones and Gibson in the course of 1,320 injections experienced one severe
case of dermatitis, which recovered. In a hospital which was formerly under
the control of the writer the incidence of dermatoses of all' kinds in the course of
by guest on June 7, 2016
D
ow
nloaded from
 
THE TREATMENT OF SYPHILIS 321
80,000 injections to about 10,000 patients has been 26 severe, 24 moderately
severe, and 74 classified as mild or trivial, including limited urticaria, or a total
of 124 cases of all kinds. There were eight deaths as a consequence of the com-
plications which occurred in certain of the cases. In six of these cases there was
a greater or less degree of broncho-pneumonia, and in two the symptoms
simulated more closely those of typhoid fever. In three of the five cases of
which a moderately detailed report of the post-mortem examination is available
a noticeable feature was the presence of a number of small submucous ecchymoses
in the large and small bowel. These varied in number from about ten patches,
each about the size of the finger-nail, to innumerable linear ecchymoses through-
out the small intestine. The number of injections which these cases had received
before the outbreak of the dermatitis was 4, 5, 6, 8, 8, 8, 8, and 8 respectively,
the dose in each case being 0·3 grm. The symptoms commenced 3, 3, 6, 7, 9, 11,
and 28 days afterwards in seven of the cases, while the particulars on this point
in the eighth case are not available at the moment of writing.
Table IV, for which the writer is indebted to Major C. F. White, R.A.M.C.,
shows the number of injections of 0·3 grm. ' e06' which preceded the derma-
toses mentioned above. The table shows that more than half the severe cases
had received seven or more injections, and more than half the mild ones, three 01'
less. l\' aturally, treatment was stopped, or continued very cautiously, after the
:slightest sign of skin trouble, so that the fact of a patient's skin remaining
tolerant throughout the greater part of a course of injections is no guarantee that
the attack will be a mild one.
The treatment of dermatitis may conveniently be considered later with that
of other side effects.
(13) Jaundice is much less frequent than dermatitis. In the experience of
the writer it has occurred in about 0·6 per cent. of cases which have received
a number of injections (Table V). The symptoms were those of the ordinary
obstructive type, which is very persistent. In a case seen by the writer where
the patient had suffered also from dermatitis and had died, the liver showed no
particular degenerative changes, but there was obstruction of the common duct
a.t its entrance into the duodenum, which was inflamed.
(14) Seoere cerebral syrmptoms characterized by intense headache, followed
by mental confusion, epileptiform convulsions, coma, and in a large proportion of
eases death, have been recorded by a number of writers, They are the symptoms
which precede death in the very great majority of fatal cases. They have become
much less frequent in later years, probably owing to the greater caution which is
now exercised as to initial doses and care over the purity of solutions than
prevailed in the earlier years of modern arsenical therapy. Leredde (77) quotes
the following, in illustration of this point, from the thesis of Jamin :
Year.
1910
1911
1912
1913
Number of Injections.
50,000
800,000
1,200,000
2,000,000
Deaths of all Kinds.
16
92
66
37
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Possibly the smaller incidence of reported fatalities in the later years is partly
accounted for by the fact that cases have not been reported so freely since their
novelty has worn off, and since, perhaps, they have been attributed so often to
errors in technique. A real diminution in the number of fatalities is shown,
however, by the following facts. Ravaut (48), reporting on French army
medical experience, records no death, but two cases of epileptiform convulsions
(one neosalvarsan and one galyl) and one case of transient coma (neosalvarsan)
in the course of 94,762 injections. The writer has not seen a fatal case of
epileptiform convulsions, but has received reports of three deaths (kharsivan)
which have occurred in an estimated total of about 140,000 injections. In
addition to this, two patients under the care of the writer had each a single
epileptiform convulsion six weeks after completion of a course of treatment,
but recovered without apparent after-effect.
The sequence of events in fatal cases, as usually described, is as follows:
Within a period which ranges in the great majority of cases from twenty-four to
120 hours after the injection, there is a complaint of intense headache with
mental confusion, which is quickly followed by a series of epileptiform con-
vulsions; the patient becomes extremely cyanosed, comatose, with marked
Kernig and Babinski signs, incontinence of urine and faeces, and rise of tem-
perature (to perhaps 1080 F.), and dies within twenty-four hours of the onset
of the symptoms. In some cases there is complete suppression of urine, in
others it is scanty and full of albumin, and in still others no particular changes
have been noted in this respect. Sometimes there is a temporary pause in
the symptoms, which generally return, however, and the patient dies some days
after the onset (78). In milder cases a few epileptiform convulsions are
followed by unconsciousness for a number of hours, and the patient then
recovers. In others the cerebral symptoms have manifested themselves by
temporary loss of memory, which has lasted sometimes for as long as two
weeks. As Milian remarks, between the vaso-motor reactions noted under (1)
and the severest of the symptoms under discussion, there may be all varieties of
cerebral disturbance.
The main post-mortem appearances which have been recorded in these cases
have already been discussed (p. 311).
The Aetiology of Side Effects.
The factors concerned in the above side effects may be considered from the
points of view of suscepti.bility of the patient and of toxicity of the remedy.
The varying susceptibility of patients to the toxic effects of' 606' and' 914'
must be clear to anyone who has witnessed the behaviour of many hundreds
of patients injected under identical conditions, and is evident, too, from the
proportionate incidence which has been mentioned under each heading in
discussing the above side effects. It is generally recognized that, even excluding
cases in which there is indication for caution in regard to dosage, it is impossible
[Q.J.M., July, 1917.] Z
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to tell by examination of an apparently healthy patient before he receives an
injection whether or not he will be tolerant of the remedies. It is for this
reason that the majority of authors recommend a cautious start in regard to
dosage, and that a close watch be kept on the patient for signs of intolerance as
the course of treatment proceeds.
Milian (79) drew up a list of signs of intolerance, most of which have been
mentioned already but are worthy of closer review, since it often happens that
lack of attention to the minor signs results later in the development of grave
symptoms. He divided the signs of intolerance into mild and grave, thus:
Mild signs.-An odour or a taste of garlic, &c.; hypersecretion of certain glands,
especially the lachrymal; increased intestinal secretion, causing diarrhoea;
possibly increased secretion of the choroid plexus, causing severe headache;
vaso-motor symptoms or 'nitritoid crises', such as congestion of the face,
swelling of the lips, &c., as described above, during the injection; slowing
of the pulse, when this is not due to the injection being given too rapidly;
prolongation of rigor, fever, and vomiting, especially the latter, into the next
day, or undue intensity of these; repetition of the immediate reaction after the
second or third injections in a form as severe as happened after the first;
prolongation of the reaction so that the patient remains in bed longer than
usual, suffering from great malaise, feeling of fatigue, and tendency to vomiting
and diarrhoea on slight provocation, with insomnia for two or three nights after
the injection; rise of temperature on the third or fourth day after the injection;
buzzing in the ears; pruritus, often with punctate erythema or urticaria; pains
in the joints, especially in the back, and persistent congestion of the face and
eyes, with subicterus coming on after the second or third day. Grave signs.-
Persistent vomiting, scarlatiniform erythema, jaundice, and the graver forms of
vaso-motor disturbance,-' crises nitritotdes secondaires '.
Practically all these signs have been discussed, and there is no doubt that
attention to the miJder ones will often prevent the onset of the graver. The
writer has often noticed in cases of severe dermatitis that the patient, after
experiencing the usual tonic effect of the remedy during a portion of the course,
had gradually begun to suffer from indefinite malaise and had unfortunately
not mentioned the fact. It is true that many cases of severe dermatitis have
felt remarkably well throughout the course, but the high proportion of cases
of dermatitis which have shown minor signs of intolerance during the course
makes these of considerable value. A few cases of dermatitis have shown
a mild and transient erythema earlier in the course, which should have been
a warning to proceed with extreme caution.
The susceptibility rfiJay be increased artificially. It has generally been
found that patients who have fasted for some hours prior to the injection,
and have taken a laxative the night before, have suffered much less from
reaction than those who neglected these precautions. Milian (80) believes that
the preceding diet should be arranged so as to render the blood strong in basic
substances in order that the injected remedy may not disturb the reaction
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of the blood. For this reason he recommends restriction of meat, acid salads,
and fruit, and the giving of milk and vegetables. Westrope (81) claimed that
by putting the patient on a milk diet for twenty-four hours previously he
had very considerably reduced the number and severity of reactions. Whereas
formerly all his patients had suffered from headache and vomiting after the
injections, the introduction of the change in diet produced the following results.
In a hundred cases, seventy-seven remained quite free from symptoms; of
the remaining twenty-three, nineteen vomited and nine of these suffered also
from diarrhoea, while three of the remaining four suffered from diarrhoea and
one from albuminuria.
It is generally considered, too, that exertion or the taking of food soon
after injection increases the susceptibility to the remedy. The clinical evidence
on this point is not very convincing. That severe exertion or the taking of
food may make a reaction apparent which was previously latent is compre-
hensible, because a patient who worked hard afterwards would naturally feel
worse under the same toxic effect than one who laid in bed, just as one who
ate solid food immediately after injection would vomit more easily than one
who fasted, but this does not prove that the tissues are more poisoned thereby.
In this connexion, however, the experiments of Auer (82) to demonstrate the
effect of' 606' on the heart are interesting. He found that in certain animals
the heart was thrown into a state of fibrillation after injections of ' 606' in
alkaline solution. He believes, since this did not occur with the same pro-
portionate dose in every animal, that when it did occur the remedy had
precipitated the condition in a heart which suffered from some inherent weak-
ness. He found in this the experimental support to Ehrlich's warning not to
administer his remedies to cases of myocarditis, or to do so only with great
caution. In the same connexion it is conceivable that a patient who exerted
his heart unduly soon after an injection might put it under a disadvantage with
regard to its power of withstanding the toxic effect of the arsenical preparation,
which would then cause fatal fibrillation.
Alcoholics are generally more susceptible, if one may judge from the case-
records of deaths. Probably this is due to the toxic effect being exercised on
blood-vessels which are already diseased, especially the kidney vessels. Possibly,
too, the perverted metabolism of an alcoholic favours more rapid decomposition
of the remedy within the organs and tissues.
Mercury is believed by Loewy and Wechselmann (72) to increase suscepti-
bility to '606' and' 914 '. They found that animals which had been treated
previously with mercury died of smaller doses than controls, and hold that the
mercury renders the vessels more susceptible to the toxic effect of the arsenical
preparation.
Pregnancy is a condition in which there is reason to feel anxiety regarding
the kidney functions, and probably for this reason Gennerich (83), otherwise
a supporter of the combined treatment, would withhold mercury from women
who are pregnant.
z 2
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With regard to dermatitis, the writer has found that this is much more
severe in cold than warm weather. For example, courses of 2·4 grm. '606'
each were administered to about 2,500 cases during ten months, chiefly in
summer, with the occurrence of a trifling number of cases of dermatitis, none
of which caused any anxiety. In the succeeding five winter months, the
patients being, too, under canvas in an exposed situation, a number of severe
cases of dermatitis occurred, and amongst them the deaths which have been
mentioned above. During the succeeding summer dermatitis was also seen, but
there were no fatal cases, and it is probable that the care which had been taken
to keep patients warm whilst undergoing treatment with ' 606 " &c., has been
to a large extent responsible for the immunity from fatalities which has
been enjoyed by the hospital concerned during the past fifteen months.
Another factor connected with the state of the patient with regard to
susceptibility to reaction concerns not the toxic action of the arsenical prepara-
tion on his tissues, but possibly the effect of the former on the spirochaetes
infesting them. Either by release of endotoxins from killed spirochaetes or as
a result of temporarily increased ante-mortem activity of the spirochaetes, the
remedy may exercise an indirect toxic effect on the tissues. This has been held
in some quarters to account for practically all the side effects which have been
recorded above.
It is generally accepted that the administration of an antisyphilitic remedy,
whether mercurial or arsenical, to a person suffering from syphilis may result in
a transitory exacerbation of all symptoms. The phenomenon is known as the
Jarisch-Herxheimer reaction, and can easily be observed in syphilitic skin and
mucous membrane lesions on the day of the first injection of' 606' or' 914', or
on that following it. It is a fairly common event to see increased redness and
swelling round a primary sore on the following day, as remarked very early by
Queyrat and Boutier (84). Intensification of the rash and shortly afterwards
increase in the strength of the Wassermann reaction are other manifestations of
this reaction. The increase in the strength of the reaction or the production
of a positive reaction in a patient who was previously negative by the injection
of a small dose of' 606' or ' 914' is now put to practical use in determining the
question of cure, and in deciding sometimes as to the syphilitic nature of obscure
cases where the Wassermann reaction is negative or doubtful. The injection of
the remedy is known as a 'provocative' injection, and following on it the blood
is tested at intervals of a few days, as suggested by Milian (85).
As to the effect of the Jarisch-Herxheimer reaction on the central nervous
system, the cases collected by Ehrlich (86) are very interesting. Thus Beck,
Biehl, Simchovicz, and Mongrovius reported on four cases of paralysis of the
auditory nerve which came on from a few hours to ten days after injection.
Makroki recorded a case of paralysis of the oculo-motor nerve two days after,
and Claude, one of facial paralysis three days after an injection of ' 606 '. These
early cranial nerve disturbances were attributed by Ehrlich to increase of
reaction in a syphilitic infiltration of the meninges around the nerve in question,
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just as is seen so often in visible syphilitic lesions. They should be distinguished
carefully from those later disturbances known as neuro-recurrences, which
occasionally come on some weeks after cessation of anti-syphilitic treatment
and, as will be shown later, are relapses of the syphilitic process around these
nerves. Probably most will agree with Ehrlich's view as to the causation of
the early cranial nerve disturbances occurring within a few days of the first
arsenical injection; that they are, in fact, manifestations of a Jariseh-
Herxheimer reaction there. Few, however, will now go so far as Ehrlich did
at one time in attributing most of the deaths in epileptiform convulsions to
this cause. The argument on this account is that in these cases the sudden
release of spirochaetal endotoxins in the meninges caused profound general
irritation of the brain. As Marschalk6 and Veszpremi (loe. cit.) have pointed
out, many similar cases of death have been recorded in cases where the
meninges have not been particularly invaded by the spiroehaetes, Most of
the deaths, also, have been after the second or a subsequent injection, and
a Jarisch-Herxheimer reaction is seen only after the first injection. Further,
the reports on many of these cases showed that the cerebro-spinal fluid prior
to death was apparently normal, a fact which is incompatible with the sup-
position that the meninges were profoundly infected by the parasite. One
must conclude with Tomaczewski (87) and many others that a Jarisch-
Herxheimer reaction will not explain any but a minute fraction of the severe
disturbances which have been recorded after arsenical injections.
It is possible, however, that rigor, fever, and headache depend largely on
release of endotoxins, if one may judge from the fact that, as shown in
Table II, irrespective of the dose employed, these symptoms are by far the most
frequent in occurrence after the first injection administered to cases of late
primary or early secondary syphilis. Further, when, as advocated by
Touton (88), Schreiber (89), Gennerich (90), and others, a mercurial course
precedes the first arsenical injection no reaction occurs, or at any rate the
frequency is reduced to that of cases in much later and much earlier stages
of the disease.
The Factors concerned in Increasing Toxicity.
Water impuritiee. Since Wechselmann (91) first pointed out that reactions
were much more frequent and severe after injections or arsenical remedies
which had been prepared with stale saline and distilled water, than when solu-
tion was effected in freshly distilled water and saline made from such, con-
siderable research has been carried out to determine the part which water
impurities play in the causation of reactions. While practically all observers
now agree that the use of freshly distilled water has effected a very considerable
reduction in the severity and frequency of the reactions observed in the early
days, opinions are divided as to whether water impurities are the sole cause of
these disturbances.
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Some observers have considered the matter from the point of view of
toxicity of the saline itself rather than from that of interaction between the
water impurities and the arsenical preparation. Wechselmann (loc, cit.) held
that the reaction was due to insufficient sterilization of the water and the
simultaneous injection of living bacteria which had grown in the water since
it was first distilled. He demonstrated that water which stood in laboratories
and dispensaries became heavily contaminated.
Hort and Penfold (92) pointed out that intravenous injections of such
a variety of substances as plain water, saline, carbohydrates, and proteins, had
all been known to cause fever, and that in some of these the fever was probably
due to a common cause. They held, as a result of animal experiments, that:
(1) There is at present no evidence that salvarsan fever is not necessarily
due to organisms grown on water or saline; and (2) the presence in water or
saline of a filter-passing, pyrogenetic substance, which mayor may not be
a product of bacterial protein,is an important factor in the production of
salvarsan, as of other types of injection fever. They found that water which
was comparatively free from micro-organisms often produced more fever than
that which was grossly contaminated. Also, that water collected at once from
the ordinary still of a laboratory or pharmacy often caused marked fever though
the water was sterile. They considered it possible that, by aspiration of air on
cooling, the water in the receiving tank became contaminated, with the result
that a water-soluble pyrogenetic agent was produced which would pass an
ordinary filter candle and was not destroyed by autoclaving. They recom-
mended glass boilers and collection of the distillate into sterile vessels, which
should be hermetically sealed and autoclaved.
McIntosh, Fildes, and Dearden (93) had come to a different conclusion, and
McIntosh (94) subsequently criticized Hort and Penfold's technique. They
showed that saline which was kept sterile in Jena flasks from the moment
of distillation produced no fever. If contaminated, however, though injected
after heat sterilization (the dead bodies of the bacteria remaining in the water),
fever resulted. If redistilled, or sterilized by filtration through a Pasteur candle,
no reaction resulted. The conclusion was that it was the dead bodies of the
bacteria, and not living bacteria, as Wechselmann thought, nor their soluble
products, as Hort and Penfold considered, which produced the fever.
Gibbard and Harrison (11) injected fifty-three patients each with 300 c.c.
saline prepared from water which had been freshly distilled from an ordinary
automatic metal still; such a still, in fact, as Hort and Penfold would expect to
become contaminated with their pyrogenetic agent. One patient had a tem-
perature of 1000 F. on the same evening, but the others remained normal.
Their conclusions agreed with those of McIntosh and his colleagues, that in
fever resulting from saline injections it is the presence of micro-organisms
which is important.
The observations have so far taken account only of fever produced by
saline itself. Another point of view which must be considered is the effect of
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water impurities in raising the toxicity of the arsenical preparation when in
contact with it.
Yakimoff and Kohl-Yakimoff (95) showed that the toxicity of ' 606' was
increased several times by simultaneous injection of the animal with various
micro-organisms, and Ruhemann (96) considered that in some cases reaction may be
increased by the presence of micro-organisms in the blood as in septic conditions.
Gonder (97) found that the presence of small quantities of calcium and
magnesium (as are found in tap-water), and also that of B. coli and B. pyo-
cyaneus in the water, increased the toxicity of' 606 '.
Emery (98), with whom Sicard and Leblanc (99), amongst many others,
agree, is very insistent on the importance of excluding impurities from the
distilled water. He considers that it is not sufficient to be satisfied merely with
the fact that the water is freshly distilled; when the still is provided with any
but a J ena glass condenser it may produce pure water at first, but after a time
the steam acts on the glass, which giv:es off to the water metal and silicates,
which add to the toxicity. Some condensers last a very short time, while others
may remain satisfactory for two months or so before beginning to produce water
which results in the production of reactions. The breaking of an air-cooled
condenser made of lead glass led to its replacement and temporary stoppage
of a series of reactions (due to silicate of lead) after injections of' 914 '. The
ordinary glass condenser which replaced this gave an immunity from reactions
for only eight days, after which silicate of soda appeared in the water and
reactions again began to occur. A Bohemian glass, water-cooled apparatus
lasted two and a half months, during which time only three slight reactions
occurred in 1,200 injections. At the end of this time slight fevers, eruptions,
&c., began to occur after injections, and these were mainly abolished by the
installation of a new still. Slight symptoms still followed the injections, and
it was considered that the practice of autoclaving the water was responsible,
since this led to the gi ving up of impurities by the glass to the water. When
the practice of autoclaving the water was abandoned the reactions ceased almost
completely. Emery now considers that if a Bohemian glass condenser is used it
should be abandoned after distilling about 60 litres, or less if reactions begin to
make their appearance. The best still is one made of hard glass throughout.
Dreyfus (100) related a case which was severely upset by a dose of 0·2 grm.
when this was dissolved in water from a still which had been in use for two and
a half months. When the still was changed the same patient was injected with
three times this dose without ill effect.
Schramm (101) holds that it is not sufficient to be satisfied with the absence
of metal to chemical tests; the water should be filtered anumbel' of times
through cotton-wool to remove the last traces of metallic impurity.
Levy-Bing (102) found that severe reactions followed injections of '606'
whilst he was using a copper still. When the water was treated with sodium
carbonate and filtered the reactions ceased. He remarks in support of the
catalytic effect of metals that if one dissolved' 914' in water from a copper still
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and it was shaken slightly, oxidation occurred very rapidly, the solution turning
brown immediately. On the other hand, a solution in water prepared from
a hard glass still remained of good colour for some time. He recommended,
especially in the case of '914', solution in water which was freshly distilled,
stored in Jena glass, treated with carbonate of soda, filtered through a Chamber-
land candle, and deoxygenated.
Matzenauer (103) drew attention to the possibility of distilled water becoming
alkaline and causing reaction.
Ehrlich (104) considered that impurities in the water with which his
arsenical preparations are dissolved have an important effect in the causation
of reactions, but was unable to say whether this is due to the fact that the tissue
cells are unduly sensitized to the arsenic by the impurities, or that the latter act
as catalysts in splitting off arsenic from the benzol ring.
Amongst those who do not attach such great importance to impurities in
water from the point of view of reactions are Marschalko and Veszpremi (loc, eit.),
These authors found that bacterially contaminated water did not materially
increase the toxic effect of '606' for animals, and considered that ordinary
bacteria plays only a small part in this respect. It is of interest, however, that
in their experiments they had found that 0·1 grm. '606' per kilogram killed five
out of ten rabbits when the drug was prepared with presumably pure water. On
the other hand, when bacterially contaminated water was used a dose of 0·08 grm.
per kilogram killed four out of five animals, so that the contamination appears to
have produced an increase in toxicity which was not so trifling as these authors
considered. It may be remarked in this connexion that clinically there is a marked
difference shown in the respective toxic effectsof two samples of' 606 ' which differ
by as much as 0·02 grm. per kilogram in their lethal dose for animals. In spite of
their sceptical attitude towards its importance, Marschalk6 and Veszpremi would
always follow the recommendation to use water which was freshly distilled.
Marschalk6 considers that the use of 0·9 per cent. saline results in a hyper-
tonic solution which produces more severe reaction, and recommends reduction
of the strength of saline to 0·5 per cent. This is now the practice of most workers.
Emery (106) considers that chloride of sodium is a potent factor in the
production of reaction and uses distilled water throughout.
Milian (105) holds that, as usually prepared, '606' is insufficiently alka-
lized, with the result that a mixture of mono- and disodium salts is injected,
which is more toxic than a solution containing only the disodium product. He
recommends, therefore, that one or two more drops of the 15 per cent. soda
solution which is usually used be added after the' 606' solution has become clear.
Which of all the above somewhat conflicting opinions is correct? Which
factors are important, and which trivial? A study of the literature is of little
assistance towards a decision, because syphilologists have seized upon each new
suggestion for the abolition of reaction and incorporated it into their technique.
So that when they now claim that the reactions in their practice are infinitesimal,
one is at a loss to decide whether it is the use of fresh, double-, or triple-distilled
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water, of 0·5 per cent. in place of 0·9 per cent. saline, of hyper-alkalization, of
temperature of solutions (as suggested by Schreiber), or the speed at which the
remedy is administered, or the preliminary administration of a course of mercury
to forestall a Jarisch-Herzheimer reaction. The difficulty is increased when one
finds workers who do not break their stills periodically, or who even use tap-
water, or add alkali only to the point of clearing the solution ,or use 0·9 per cent.
saline, and claim equal immunity from side effects. The difficulties are further
increased by the varying susceptibility of patients, the numbers to be observed
before striking differences in their after-behaviour become apparent, the varying
quality of the clinical observations, and lastly, what is probably as important as
most factors, the variation in toxicity of different batches of these remedies.
The writer has been engaged for some time investigating, as far as present
circumstances will permit, the underlying causes of toxic effect following injections
of '606', and certain facts have become clear which may assist towards an
explanation.
From clinical observation and animal experiments it is obvious that-
(1) Different batches of ' 606' vary in their toxicity, particularly in regard
to their power of producing vaso-motor symptoms. One may divide batches
into two categories from this point of view:
Category A. Safe, even with a technique which is less than good in its
attention to detail.
Category B. Safe, if dissolved in water from a good still, alkalized carefully,
and strained or filtered before injection, but very liable to cause vaso-motor
disturbance if these precautions are not observed.
As an example of this, a certain batch of ' 606' was noted to be causing
more vaso-motor disturbance than usual. The remainder of the batch was sent
to Rochester Row, where a hundred and ninety-seven injections of it were given
without any untoward effect. Then nine injections were administered after the
, 606 ' had been dissolved and prepared with boiled tap-water solutions. Four
patients suffered from severe vaso-motor reaction during the injection. It
happened that two were susceptible to vaso-motor disturbance, but the other
two patients had not previously, nor have they since, suffered from this effect.
Experiments on rabbits with this batch showed that·-
(i) Prepared with distilled water solutions, 0·12 grm. per kilogram was just
tolerated.
(ii) Prepared with tap-water solutions, all rabbits died at once after 0·12 grm.
per kilogram, and the maximum tolerable dose of the batch prepared in this
manner was 0·10 grm. per kilogram.
Another batch of' 606' was treated similarly, and all animals survived doses
of 0·13 grm. per kilogram, even though prepared with tap-water. Clinically
this batch was very well tolerated.
(2) Other things being equal, tap-water which has not been specially treated
(p. 298) increases the toxicity of '606' for animals, and the same applies to
alkaline water.
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(3) With a batch of Class A above the toxic effect produced by primary
solution in tap-water may not be apparent in animals receiving up to 0·12 grm.
per kilo, but a cumulative effect is demonstrated by the fact that if a smaller
dose is given the following day to the same animals they die, while identically
treated controls, using the same batch of '606' dissolved primarily in saline
made from distilled water, survive.
The above appears to indicate that the character of the solution in which
the' 606 ' is dissolved is an important factor in the production of reaction. It
is also probable that, even in the absence of noticeable immediate reaction,
a technique which pays little attention to the purity of the solution may result
in a cumulative toxic effect which is manifested later in the course by signs
of intolerance, such as persistent headache, dermatoses, or even death in
epileptiform convulsions.
In suggesting the above, the writer fully recognizes the great part which
a patient's susceptibility may play, and it is not supposed that all signs of
intolerance are the result of faulty technique. The analogy of general anaesthesia
might be used in illustration. While the great majority of patients can with-
stand the onslaught of the most indifferent anaesthetist, with some the care
of the most skilful may fail to avert death.
The prophylaxis of side effects has been considered with the discussion as to
their aetiology and may be summarized shortly thus:
Patients should be prepared for injection much as for general anaesthesia,
and should remain quiet for the remainder of the day, though in the opinion of the
writer it is usually possible, especially in the later stages of the course, to allow
them to return home after a few hours. The patient should be well housed and
clothed, and his diet simple throughout the course.
Solutions should be prepared in water and saline which is above suspicion
from the point of view of impurities. In the absence of a still which is above
suspicion, the writer believes that solution according to his modification of the
method recommended by Taege is equal to that with good distilled water.
In view of the fact that it is impossible to detect an abnormal idiosyncrasy
in an otherwise normal patient, the initial dose should be such as can be borne
without danger by the most susceptible and the subsequent dosage increased
only very gradually. In this respect almost all workers agree that in the
absence of any particular contra-indication, 0·3 grm. of '606' is a safe initial dose
for practically every man, 0·2 grm. for women, and 0·05 grm. for infants.
In patients who have previously shown signs of vaso-motor disturbance
the prophylactic injection of adrenalin is valuable.
The intervals between injections should have regard to the well-recognized
cumulative effect of these arsenical preparations, and it is unsafe to rely entirely
on the excretion of arsenic by the urine as a guide to the length of the
interval. Generally speaking, however, in the absence of signs of intolerance
four-day intervals between doses of 0·3 grm., weekly intervals between doses of
0·4 grm. and 0·5 grm., and a pause of two to three weeks after the administration
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of each total of 0·9 grm. are safe. A careful watch should be maintained on the urine
for defective diuresis, albuminuria, and casts. Loss of weight, chronic malaise,
erythemata, and the signs of intolerance indicated by Milian (p. 324) are valuable
indications for reduction of subsequent doses and for increase of intervals beyond
the ordinary.
The Treatment of Side Effects.
For vaso-motor disturbance the intramuscular injection of adrenalin as
recommended by Milian (p. 316) is generally effective. The dose originally
recommended was 1 to I! c.c, of a 1 in 1,000 solution, but smaller amounts have
often proved effectual.
Ordinary reactions require no further treatment than rest, but for high fever
and severe headache most workers recommend aspirin or pyramidon in the
usual doses.
In a case of generalized erythema, with high fever and intense headache,
the writer once removed 18 oz. of blood by venesection, with immediate relief to
the headache, and the fever and erythema had completely disappeared by the
following morning. Another similar case, in which severe symptoms were aborted
by venesection, was subsequently reported to the writer by Capt. Rawlinson,
R.A.M.C. III a third case, intense headache and pruritus were relieved at once
by venesection to 10 oz., but the erythema was not aborted. For erythema one
would recommend, in addition to phlebotomy, the free use of saline purges and
the taking of large quantities of bland liquids.
The treatment of exfoliative dermatitis is troublesome, and there is little
guidance from the literature. Calamine lotion and powder, bran baths, and
starch poultices are very soothing, while 10 per cent. ichthyol ointment appears
to be successful in places where there is much pustulation, but no application
has been found to work 'like a charm'. Dieting is important, and meat and
eggs seem often to provoke relapses. Paraffin and salines are good aperients,
and preferable to mercurial preparations. The patient's body should be carefully
protected against chill, especially in cold weather.
FOT the treatment of epileptiform. convulsions most workers recommend
phlebotomy followed by saline infusion, and lumbar puncture. Milian and those
who have witnessed its good effects in minor cerebral disturbances would in these
cases also employ adrenaline
Neuro-recurrencee.
Shortly after' 606' came into general use it was noted by numerous observers
that symptoms referable to disease of the central nervous system had become
much more prevalent, and this constituted the main bases of an attack on the
new remedies by Finger (107), Gaucher, and many other syphilologists of high
standing.
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The symptoms which were chiefly noted were paralysis of one or more
cranial nerves, especially the seventh and eighth, but a certain number of cases
of paraplegia and hemiplegia were recorded. These untoward sequelae usually
came on six to eight or more weeks after the injection. Finger's view, in which
he was supported by numerous observers, was that these nerve disturbances were
either directly due to the toxic action of '606', or if syphilitic in nature, they
were the consequence of the' 606' having produced a locus minoris reeieientioe
for the parasite. In Finger's cases 9 per cent. had developed cranial nerve
trouble after '606', while in the previous three years he had seen very few
similar cases under mercurial treatment. Finger's views were hotly contested
by the admirers of the new therapy, some of whom were too zealous and spoilt
their case by attempting to prove that such disturbances were no more frequent
now than under the old mercurial treatment. There can be no doubt that these
cases were much more frequent at that time than they had been under mercurial
treatment, although Finger's estimate was considerably higher than the experience
of other clinics justified.
Ehrlich's view was that these central nerve disturbances were the result of
insufficient treatment. He held that, when the treatment commenced after the
disease had become generalized and was insufficient completely to sterilize
the patient, certain spirochaetes, situated for example in the membranes
surrounding the cranial nerves in their bony canals, eventually woke up and
setting up a reaction there destroyed the continuity of the nerve. This view
was well supported by the facts collected by Benario (108), which showed
briefly that:
(1) In early generalized syphilis the disease affects the meninges almost as
frequently as the skin and mucous membranes. The same condition is found in
, neuro- recurrences'.
(2) The incidence of neuro-recurrences is inversely proportional to the
amount of treatment which the patients have received.
(3) Prompt treatment with one of the newer arsenical preparations generally
results in disappearance of the neuro-recurrence.
This view is well supported by ascertained facts which may be mentioned
under the same headings.
1. Ravaut (149) found long ago that in secondary syphilis the cerebro-spinal
fluid showed pathological changes in the shape of increased numbers of leucocytes
and increase of globulin in 67 per cent. of cases. Altmann and Dreyfus (109)
found increase of pressure, cells, or globulin, or a positive Wassermann reaction,
or all these combined in nearly 80 per cent. of secondary cases. Gennerich (110)
found that nearly 90 per cent. of relapse cases after' 606' treatment showed some
pathological change of a syphilitic nature in the cerebro-spinal fluid, and believes
that if in the cases of secondary syphilis which show no changes the fluid is
examined after a small dose of' 606' or' 914' has been administered (provocative
injection) practically every case would be found to have a pathological cerebro-
spinal fluid. Ellis and Swift (111) found that 33 per cent. of their secondary
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cases showed pathological changes in the fluid, but believe that if the fluid had
been examined in all stages the percentage would have been higher. O. H. Mills
(unpublished) in an examination of cases at Rochester Row found increase of
cells or of globulin, or a positive Wassermann reaction, or all three in 56·79 per
cent. of secondary and 65 per cent. of tertiary cases which showed no symptoms
of central nerve-disease. As an example of the degree of histological change
which may be present without manifest clinical symptoms, one patient had
720 cells per c.mm. globulin, and a double plus Wassermann reaction in the
equivalent of 0·2 e.e. of fluid.
These facts show the frequency with which the central nervous system is
involved in syphilis. Similar changes are found in practically every type
of neuro-recurrence or disturbance of the central nervous system after arsenical
treatment, and in the few cases which show no changes the symptoms practically
always point to syphilitic endarteritis of a cerebral vessel.
2. It is the experience of all that neuro-recurrences have become much less
frequent with the grad ual increase of arsenical dosage which has occurred as
a result of experience.
In this connexion may be quoted the results collected from the French army
by Ravaut (48), who reports only two cases of facial paralysis, one of paraplegia,
and one of oculo-motor paralysis in the course of 94,762 injections.
A course containing 2·4 grm. ' 606' (in eight injections) and six mercurial
injections, which was instituted by the writer, resulted in five neuro-recurrences
in over 10,000 cases.
3. The treatment of neuro-recurrenees which is almost unanimously advocated
is the prompt administration of '606' or '914' and mercury, and the happiest
and most permanent results are obtained when the arsenical preparation is
pushed to an extent far beyond what is usual in ordinary routine work. The
writer has not hesitated to administer totals of eight or more grammes of '606'
to such cases and has seen nothing but good result from this practice. This
appears to be a complete answer to the contention of those who hold that the
newer arsenical preparations have a neurotropic action. It would be well if
those who have to report on neuro-recurrences in the future were to state the
exact amount of treatment which the patient had previously received. Without
this information a false impression, which is unjust to the arsenical preparation,
may easily be conveyed.
Gennerich's view is that neuro-recurrences are explicable briefly on the
following lines. Syphilitic lesions vary in accessibility in this order: skin and
mucous membrane lesions, primary sores, meningeal lesions. A treatment which
is sufficient only to kill the spirochaetes in the skin and mucous membrane
lesions leaves those in the sore to revive and reinfect the body later. The result
is reinduration of the sore followed by secondary signs. A treatment which
goes farther and sterilizes all but the meninges leaves the apiroehaetes to revive
there after a time. In this case, owing to the fact that practically the whole
army of spirochaetes has been destroyed throughout the body, the tissues of the
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latter have developed no immune substance and the reviving spirochaetes find
themselves on what is practically virgin soil. The lesion which results approxi-
mates in character and size to that which follows a primary infection, being large
and accompanied by considerable sclerosis. A feeble mercurial treatment results
in frequent generalized relapses, the lesions of which balance one another owing
to the general development of immune substance. The burden of the battle is
distributed evenly over the body and no vital part suffers at this time. A more
intensive treatment, such as is contained in one or two doses of '606' or '914',
suppresses the balancing action of skin and mucous membrane relapses, with their
accompanying immunity response, and the meningeal relapse is correspondingly
severe. A still more intensive, yet insufficient, treatment would suppress the
spirochsetes in skin and mucous membrane and in the primary sore, and damage
those in the meninges so severely that they would revive only slowly. The
result in this case would be that the only evidence of the relapse at first would
be changes in the cerebro-spinal fluid.
Whatever the theory may be as to their exact aetiology, there can be no
questjon that the prophylaxis of neuro-recurrences lies in a sufficient arsenical and
mercurial treatment when the patient first appears. It is a strange fact, however,
that although this fact has been established for some years now, there can still
be found practitioners who will administer one or perhaps two doses of an
arsenical preparation and allow the patient to go away unfurnished with any
advice as to continuance of treatment, as two patients at present at Rochester Row
know to their cost. One of these is slowly recovering from a hemiplegia which
bids fair to leave him with a permanent monoplegia of the right arm; the other
is recovering from a complete paraplegia. Both were treated in the first place as
just described.
The Oontra-indications of ' 606' and '914'.
These may be divided into absolute and relative.
The absolute contra-indications have become considerably reduced with
experience as to the safety of small doses, controlled by careful observation of
their side effects, and at present one would exclude only cases of Addison's
disease, bleeders, and those suffering from such advanced visceral disease that
death must inevitably follow in a short time.
Relative contra-indications. There is a fairly general agreement as to the
diseases the presence of which is an indication for caution as to dosage, &c.
These are visceral lesions such as myocarditis, renal and hepatic disease, arterio-
sclerosis, aneurism, diabetes, and advanced disease of the central nervous system.
Pregnancy, though hardly a disease, also requires caution.
Visceral diseases may be syphilitic or otherwise. In those which are
syphilitic there is the fear that the exhibition of a large single dose at first may
cause such a severe Jarisch-Herxheimer reaction that the organ is fatally
damaged. In this connexion may be mentioned syphilitic disease of the central
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nervous system, where it is possible that a process affecting vital centres, either
directly or through their arterial supply, may temporarily become so aggravated
as to lead to the death of the affected centre. The cases recorded by Ehrlich
above (p. 326), in which cranial nerves became temporarily paralysed, are
examples of the same effect, though with less disastrous consequences, while
a certain number of cases have been recorded in which paraplegia or hemiplegia
have followed the first full dose. Similarly in cases of syphilitic myocarditis
and in aneurism or aortic regurgitation, or in cases which suffer from angina
pectoris, in all of which there is reason to believe that the coronary arteries are
diseased, it is clear that a Jariseh-Herxheimer reaction would be extremely
dangerous. The same applies to severe syphilitic disease of the larynx.
In connexion with disease due to other causes than syphilis, it will be
recalled that the observations recorded above seemed to indicate that the
remedies under discussion primarily damage capillaries, especially if these are
in an abnormal state on account of existing disease. The existence of renal
disease is important in this connexion. Although it is recognized that the
arsenical preparation can be given to patients suffering from mild albuminuria,
even with casts, the indications are naturally for caution, since not only may
a toxic dose precipitate a severe nephritis, but severe symptoms may result from
undue retention of the remedy in the body. The occasions, however, on which
any anxiety is provoked by the presence of renal disease are extremely rare.
It is usually found that patients suffering from albuminuria in the early stages
of syphilis clear up in this respect after the first small dose, the albuminuria
having clearly been syphilitic in nature.
The tendency to haemorrhages after injections emphasizes the need for
caution in cases of gumma of the brain, an example of which is a case recorded
by Duguid and Graham (112) in which a patient died seven days after a dose of
0·6 grm. '606' f and post mortem was found a gumma, four centimetres in
diameter, external to the anterior horn of the right lateral ventricle, which was
surrounded by a considerable effusion of blood.
Alcoholics have already been mentioned as being susceptible to the toxic
effects of '606' and' 914', and naturally come under the category of cases in
which the arsenical preparations are relatively contra-indicated.
Attention does not appear to have been drawn to the care which should be
exercised where the patient is constitutionally liable to dermatoses, such as
eczema, erythema, and urticaria. In these it is reasonable to suppose that the
skin vessels are in an abnormal state and likely to be still further damaged by
the arsenical preparation, unless this is administered with due regard to its
cumulative effect.
Caution with regard to patients under the above categories applies not only
to individual doses but to intervals between injections, or, in other words, to the
total amount of the remedy administered within a given period. It is impossible
to state in detail how each of the above cases should be managed, but by
commencing with a dose of 0·1 or 0·15 grm. ' 606 " increasing the intervals by
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20-100 per cent., and watching carefully for the signs of intolerance mentioned
above, a safe course can usually be steered. The writer has found that an intra-
muscular injection of 0·2 grm. '914' is a useful procedure in commencing the
treatment of cases where there is reason to fear the result of severe reaction.
Dosage in Oases where there is no particular Oontra-indication.
This has already been referred to in eonnexion with the prevention of
side effects, but the practice of different workers may be mentioned here in
more detail.
Few or none would now employ a dosage such as that used by Schreiber (17)
at first with' 914', namely 0·9, 1·2, 1·35, and 1·5 grm. at intervals of two days,
although his paper was written with an experience of 230 cases treated without
ill effect. A number of deaths occurred in other clinics as the result of the
employment of this dosage, and Schreiber (113) subsequently modified it very
considerably.
Neisser (114) would commence with a dose of 0·1 to 0·2 grm., rising gradually
and leaving intervals of ten days between doses when these have reached 0·4 to
0·6 grm. Kromayer (115) was probably the first to recommend frequent small
doses, giving 0·1 to 0·2 grm. three times a week to a total of 3·6 grm. Leredde (116),
who is a believer in pushing the remedy in the later stages, insists on a small
initial dose (0.1 grm. '914' followed by 0·3 grm. in eight days). Gennerich (83)
commences his cases generally with a dose of 0·15 grm. '606', while Emery,
as also Fordyce (117), usually commences with 0.3 grm. for men who are
quite well.
These examples will serve to show the general recognition of the necessity
for caution which now prevails with regard to initial dosage. Similarly,
recognizing the cumulative effect of these remedies, the former practice of
administering large doses at short intervals has ceased, and the general custom
now is to allow an interval of 7-10 days after the dose has reached 0·4 grm.
, 606', or its equivalent in "914 '.
Although the consensus of opinion is in favour of a cautious commencement
in all cases, it is equally unanimous as to the necessity for administering a
sufficiently large quantity to ensure immunity from recurrence, and in con-
demnation of the practice, which still unfortunately prevails in some quarters, of
giving only one or two doses. Details regarding the full courses described by
representative workers will be given later when the general management of
syphilis is considered.
The Respective Merits of '606' and' 914 '.
Opinions are divided as to whether' 914' is equal therapeutically to '606 '.
Most will agree that in immediate effect it is difficult to choose between them,
but it is also difficult to overlook the opinion of such authorities as Gennerich
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and Dreyfus, amongst others, who hold as the result of later observation that
, 914' is not so powerful or permanent in its therapeutic effect.
Probably this has to do with the more rapid excretion of '914' after intra-
venous injections, as has been shown above, since Wechselmann and Eicke have
stated their opinion, with which the writer concurs, that when administered
subcutaneously, so that it is excreted more slowly, '914' gives better results
than follow the intravenous injection of' 606 '.
As to toxicity, it seems probable that, as pointed out by Schreiber in the
first place, under a good technique '914' has the advantage. It must be
remembered, however, that' 914' is a much more labile preparation and that
errors in technique, such as impurities in the solvent when it is given dilute and
delay in administering it, are visited with more certainty by serious after..
consequences.
Galyl.
Mouneyrat (118) introduced in 1913 two new preparations, tetraoxy-
diphosph-amino-diarsenobenzene or 'galyl' and phenyl-disulph-amino-tetraoxy-
diamino-diarsenobenzene or 'ludyl " of which the former has survived and come
into extensive use during the war. It is a greenish grey powder which is sold
in ampoules, like the preparations already mentioned, and is prepared for
administration by simple solution in distilled water, which produces an alkaline
solution. This may be injected either dilute or concentrated, and the doses
usually recommended are 0·3 to 0·4 grm. intravenously. The indications and
contra-indications of galyl are similar to those of the other preparations.
The immediate effect of galyl on syphilitic lesions and on the Spirochaeta
pallida is similar to that of ' 606' or '914 " but no accurate statistics are available
as to the permanence of the results, since most of the reports make no reference
to subsequent observation. As the result of later observation of patients who
were treated with this remedy earlier in the war, the writer is of opinion that
galyl is not so powerful as the older preparations.
It has been claimed for it that galyl is less toxic, its intravenous injection
not being followed by the vaso-motor disturbances which sometimes occur after
injections of the other preparations. This claim cannot be substantiated in view
of the record as to reactions reported by Ravaut (48), which includes one case of
epileptiform convulsions, three of albuminuria, two of jaundice, four of erythema,
pruritus, and urticaria, and frequent vaso-motor disturbances in the course
of 8,846 injections. This compares with seven cases of albuminuria, one of
transient coma, one of epileptiform convulsions, two of meningism, sixteen of
jaundice, twenty-three of vertigo, twenty-five of vaso-motor disturbance, twenty-
two dermatoses, and ten cases of oedema of the face which resulted from 82,333
injections of ' 606' and' 914 ', The opinion of Ravaut is that galyl is inconstant
in make and solubility and more liable to be followed by untoward side effects.
[Q. J. M., July, 1917.] A a
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For this reason the medical officers on whose report he writes have rarely
exceeded 0·2 grm. At Rochester Row one case of severe exfoliative dermatitis
has followed injections of this remedy.
Galyl is also prepared for administration intramuscularly, being suspended
in a fatty basis. Injected in this form it does not cause a great amount of pain,
but in the hands of Harrison, White, and Mills (loc. cit.), doses of 0·4 grm. failed
to cause spirochaetes to disappear, and the opinion of these writers was that its
effect is not equal to that of ' 914' administered by the same method.
Luargol.
Luargol is a combination of dioxy-diamino-arsenobenzine with antimony
and silver.
The desirability of bringing more than one remedy to bear at one time on
the treatment of protozoal diseases was recognized by Ehrlich (86) as the result
of his experiments on the chemotherapy of trypanosomiasis. Considering that
their great parasitotropic properties are due to the affinity for the parasite of the
groups to which the arsenic is bound, he compared his arsenical remedies to
a poisoned arrow of which the shaft is the benzol, the point the amido group, and
the poison the trivalent arsenic. Continuing the analogy, he said, 'Now, it is
a frequent practice of many uncivilized peoples, in order to be certain of killing
their enemies, that they not only rub over their arrows with one kind of poison
but with two or three totally different kinds, and so it has also appeared
advisable to imitate this procedure against the parasites and to poison our
synthetic arrows not singly but doubly.'
On this principle, with Karrer, he produced salvarsan-copper, a preparation
which has been used with success in yaws and leprosy. On the same hypothesis,
Danysz has combined dioxy-diamido-arsenobenzol with silver bromide and
antimony. Silver bromide was shown by Danysz (119) to be a better antiseptic
than the chloride or nitrate, and antimony has long been a proved spirochaeticidal
agent. Thus Ranken (120) showed that finely divided antimony (Plimmer) had
an excellent effect in yaws. Tsuzuki (121) claimed good results in syphilis from
antiluetin, or bitartrate potass-ammonium antimonium oxide, while Uhlenhuth,
Mulzer, and Huegel (122) found that benzol-sulphon-para-amino-phenyl-stibinate
of soda and para-urethane-phenyl-stibinate of soda had a good effect on hen
spirochaetes.
The combination of Danysz, now known as luargol or '102', was shown to
be seventy-five times more active than atoxyl and ten times more active than
, 606' against typanosomes. Renault, Fournier, and Guenot (123) treated 500
primary and secondary syphilitic cases with luargol, using doses of 0·10 grm.,
which were increased gradually at intervals of three or four days to 0·3 or
0·35 grm., making a total of 1·2 to 1·5 grm. in six or seven injections. There
was little reaction, but two cases developed a transient erythema. Spirochaetes
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disappeared from lesions as rapidly after injections of 0·10 to 0·15 grm. luargol
as after 0·3 to 0·4 grm. '606', and the clinical results were equally good. Primary
cases with a negative Wassermann reaction remained negative. Secondary
cases varied in this respect, but the results with them which were obtained by
injections of luargol were not inferior to those produced by two or three times
as much' 606 '.
Other workers have reported similar results. Dalimier and Levy-
Franckel (124) treated a number of cases of very severe and malignant syphilis
and obtained results with comparatively small doses of luargol which were,
if anything, more rapid than those produced by much larger doses of '606 J
or '914 '.
Bonard (125) reported equally favourably in a paper which detailed the
chemical and biological foundation of luargol. At Rochester Row the immediate
results have confirmed what has already been written. The reaction following
injection of luargol is usually trivial, though one case of transient erythema was
observed. Spirochaetes disappear rapidly after doses as small as 0·10 grm. and
the clinical effect is equally prompt. The effect on the Wassermann reaction has
not been worked out on a sufficiently large number of cases to justify any con-
clusion, but the results up to the present have compared favourably with those
obtained by , 606 ' intravenously.
A disadvantage of luargol as first introduced was the thrombosis of veins
which it caused at the site of injection. This was possibly due to the great
alkalinity of the solution, though the same effect was produced when this was
very dilute. This disadvantage has now been overcome by the introduction of
disodoluargol, a dark-brown powder, rather like emery powder, which is ready
for use when dissolved in distilled water, which produces a very dark-brown
solution. It can be given dilute, or concentrated like '914' or galyl, and has
the further advantage that it is much more stable than' 914 '. A number of
doses kindly furnished to the writer were weighed out from a stoppered bottle,
without any particular precaution as to exclusion of air, and injected after a
week or more without ill effect. The indications and contra-indications of
luargol are similar to those of the other preparations. As to dosage and the
management of syphilis generally with this preparation, 'it is too early to
speak. At Rochester Row doses of 0·3 grm. are given weekly for seven weeks
as a minimum, in combination with mercury. If it fulfils its present promise,
disodoluargol will have many advantages, but as to that point it is for the
future to decide.
Met'curial Preparations.
The discovery of ' 606' and allied preparations has stimulated considerable
research directed to the discovery on the same lines of a compound of mercury
which would be less toxic and ofgreater efficacy than those in routine use at the
present moment. But although a number of compounds have been synthesized
A a 2
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which promised well in animal experiments it cannot be said that the position
of the older preparations has yet been disturbed.
Blumenthal (126), and Blumenthal and Oppenheim (127), have advocated
the use of acetyl-aminol-mercury-benzoate of soda or 'toxynon', an aromatic
compound in which the mercury is attached directly to the benzol ring. It con-
tains 48 per cent. of mercury and is stated to be well tolerated. Gutmann (128),
reporting on this preparation, found its toxicity to be about two-thirds that of the
salicylate. For administration to men he used a one in fifteen solution and gave
a dose of 0·1 grm. intravenously, which was repeated on the following day. On
the fourth day the dose was increased to 0·15 or 0·2 grm., and injections were
repeated at suitable intervals until eventually 3 grm. had been administered in
six weeks. In spite of the advantage of its comparatively low toxicity
toxynon has not, however, proved to have practical advantages over other
preparations.
Kolle and Rothermundt, in association with Dale (129) and with Peschic (130),
conducted a very exhaustive research into the toxicity and spirochaeticidal
properties of various mercurial salts and organic compounds against hen spiro-
chaetes, and found that experimentally the most suitable preparation was disulph-
amino-dimethyl-phenyl-pyrazolon mercury (Seheitlin), an insoluble compound
containing 40 per cent. mercury and now known as 'argulan '. They found in
hen spirochaetosis that the relation between the curative and the minimum lethal
dose of this compound ~~ was 1~0' the nearest approach to this being calomel
with a ~~ of 610 ' Mintberger gave argulan in an oily suspension in doses
of 0·3 grm. every three to six days, but found it painful and slow in its effects on
syphilitic lesions.
Queyrat (131) advocated amalgams of mercury and silver and of mercury
and platinum, reporting good results from each when other preparations had
partially failed.
Schreiber (132) has investigated combinations of mercury with various
aniline dyes on the principle that the latter may reduce the toxicity. After
considerable research on animals he has tested certain of these preparations on
man, viz. combinations of mercury with tetra-iodo-phenolphthalein (' nosophen '),
with erythrosin, and with methyl-erythrosin, but without obtaining any striking
results. Erythrosin mercury was certainly effective, but rather toxic and pro-
vocative of considerable local reaction.
Abelin (133) concluded a long investigation into the chemical and toxico-
logical properties of mercurial compounds with the remarks that (1) toxicity and
therapeutic efficacy do not run passi passu (as is commonly supposed), and (2)
that the most easily ionized and most toxic salts-the perehloride, succinimide,
and calomel-are therapeutically less preferable than the less easily ionized and
less toxic aromatic compounds, such as the salicylate.
Schamberg, Kolmer, and Raiziss (134), after a very exhaustive research,
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agree with the belief expressed above that it is the chemical combination in
which mercury is presented to the tissues and to the parasites which affects its
l · · h' h d' DC Af . ti hre ative action on eac -In ot er wor s, Its T' tel' pOln mg out t at
remedies which destroy trypanosomes similarly affect the spirochaetes of syphilis,
they announce a group of new organic mercurial compounds which have been
prepared by them and some of which, though less toxic than perchloride of
mercury, have a stronger destructive action on trypanosomes. Incidentally, one
of these-' No. 99 '-was also shown to have a fifty times greater bactericidal
power against staphylococci than perchloride in vitro, while in the presence
of serum its bactericidal power was two hundred times greater. It is too painful
for intramuscular injection and is being tried intravenously.
Colloidal preparations of mercury had not proved a great success up to date,
possibly because they were too weak in mercurial contents. Recently, however,
a colloid preparation has been produced by Crookes Laboratories in 1 per cent.
and 5 per cent. strengths. It is stated by McDonagh (150) to be as powerful in
a full dose (15 c.o.) of the 1 per cent. strength when administered intravenously
as three full doses of salvarsan. This statement was not borne out by the
experience at Rochester Row, where, on clinical as well as microscopical evidence,
the immediate effect of 10 e.c. collosol mercury was found to be not nearly so
powerful as that of 0·3 grm. ' 606 ', Clinical lesions did not clear up nor did
spirochaetes disappear from them any more rapidly after intravenous injections
of collosol mercury than after ordinary intramuscular injections of mercurial
cream, let alone salvarsan. Collosol mercury may eventually prove to be
a valuable preparation for use in the treatment of syphilis, but it is hardly out
of the laboratory stage yet and it is not altogether non-toxic. In large doses it
produces the usual symptoms of mercurial poisoning, and since 2·5 c.c. of 1 per
cent. collosol mercury is the lethal dose for an ordinary sized rabbit, one would
judge, from a somewhat extensive experience of the transfer of mercurial experi-
ments on rabbits to man, that 15 c.c. is close to the border-line of tolerance even
for a single dose. A rabbit of 1 kilogram will just survive 25 mg. succini-
mide of mercury injected intramuscularly, while a man may be upset by 100 mg.
These figures correspond pretty closely with those for collosol mercury, and
when it is remembered that the dose must be repeated it will be seen that the
introduction of collosol mercury into general use at present may not be devoid
of danger.
The enormous amount of work disclosed by the above survey has not, as
mentioned above, yet resulted in a compound to displace the older, well-known
preparations-metallic mercury, calomel, and salicylate of mercury amongst the
insoluble, and the perchloride, succinimide, bibromide, biniodide, and benzoate
of mercury amongst the soluble.
As to administration, the choice for routine use rests between inj ection,
inunction, and the oral method. The last-named is not generally favoured in
the early stages of syphilis on account of the uncertainty of absorption and the
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liability to gastric and intestinal disturbance which it entails. In certain cases,
however, oral administration may be valuable. Thus, after the patient has
received a considerable amount of treatment with injections of' 606' and mercury
it may be impracticable for him to continue under such close supervision as these
entail. In such cases the writer is in the habit of prescribing a pill or tabloid
of grey powder or of grey powder and Dover's powder in order to maintain the
effect. A brochure published in France by the Sous-Seeretariat d'Etat du
Service de Sante (135) recommends that after the early intensive course of
mercurial and arsenical injections the patient should take for the first ten days
of every month a pill containing 0·05 grm. protoiodide of mercury and 0·01 grm.
extract of opium, commencing one month after leaving hospital and continuing
for one year.
Between injections and inunetions opinions are evenly divided. There is
no doubt that as good, if not better, results are obtained by well-administered
inunctions as by injections, but nobody will deny that inunctions to be effective
require skill and conscientious application, as a study of the monograph by
Reginald Hayes (136) on the subject will show. Injections have the advantage
of convenience and certainty. Their technique is fairly easily learnt, and the
matter is entirely in the hands of the medical attendant himself. The dose is
definitely placed in the tissues, and the administration of the remedy does not
depend either on the patient's memory or on the energy of his attendant.
Injections may be intravenous or intramuscular. The former have not
enjoyed a great popularity for routine use, but in cases where a quick effect is
desired without resort to arsenical preparations the intravenous injection of the
cyanide (1 e.c. of a 1 pel' cent. solution) or of the perchloride, daily or on
alternate days, has proved valuable. Administered in this manner, however,
mercury may rapidly produce toxic symptoms-dysenteric diarrhoea, nephritis,
and severe stomatitis.
Regarding the preparations for intramuscular injection, a close discussion as
to the respective merits of the soluble and the insoluble preparations would be
useless. Each has its equally powerful advocates, and the choice of each very
largely depends on circumstances. Probably the great advantage of the soluble
preparations is that owing to the speed at which they are absorbed their effect is
more rapid, and also it is possible to approach with them more nearly to the toxic
dose. On the other hand, the rapid absorption of the soluble preparations in an
active form makes it impossible to inject at one time sufficient mercury to last
for some days, so that injections must be given daily or on alternate days.
Biniodide of mercury, 1 c.c, of a 1 per cent. solution, is recommended for
use in the French army, where the bibromide and the benzoate are also
employed. Fordyce (117) prefers the perchloride, gr. l(J-~ every day or every
other day.
The insoluble preparations have the great advantage that a single dose will
usually suffice for a 'week's treatment, though probably the effect is not so rapid
as that of the soluble preparations. Another advantage is that the effect is kept
by guest on June 7, 2016
D
ow
nloaded from
 
THE TREATMENT OF SYPHILIS 345
up for a much longer time after the course of injections has ceased, since the
mercury continues to be absorbed from the site of the injection for some weeks.
From another point of view this is a slight disadvantage, since a patient cannot
be watched so closely for signs of intolerance. Thus, an overdose of a soluble
preparation would rapidly produce symptoms and give warning not to repeat
the dose, while in the case of an insoluble preparation the symptoms are apt to
continue long after suspending treatment.
The insoluble preparations in most common use are metallic mercury in
a state of fine subdivision, calomel, and mercury salicylate. Oalomel and
metallic mercury are suspended in an oily basis of which there are numerous
formulae, the most popular in the army being that associated with the name
of the late 001. Lambkin. It contains creosote and camphor (20 per cent.) in
a palmitin base, and the most usual strength is 10 per cent. The formula used
largely in the navy is similar but contains chlorbutol, and its strength is
20 per cent. The salicylate is most conveniently suspended in liquid paraffin.
The usual weekly dose of calomel varies from! to 1 gr., that of mercury from
i to Ii gr., and that of the salicylate from 1 to 2 gr.
As to the choice between these preparations, it is difficult. Gennerich
and others prefer calomel for its quicker and more intensive effect, but after
trying this preparation for some time the writer came to the conclusion that for
the combined arsenical and mercurial treatment metallic mercury has many
advantages. It is more easily tolerated both locally and generally, and although
its effect is not so rapid as that of calomel it is more lasting. After all, if one
employs the newer arsenical preparations one does not look to the mercury for
rapidity of effect. The role of mercury in the combined treatment would
appear rather to be that of an agent by which the effect of the arsenical prepara-
tion is maintained for long after the latter has been excreted.
Iodine.
The position of potassium and sodium i-odides has not been materially
disturbed by more elaborate preparations. Although, as McIntosh and Fildes
have shown, their antispirochaetal power is nil; they are acknowledged by practi-
cally all as invaluable adjuvants to the more specific treatment.
Recently a colloidal preparation of iodine-collosol iodine-has been used
by various workers, though little has been published regarding it. McDonagh
considers it is more powerful than any other preparation of iodine and is
practically never followed by iodism. On the suggestion of Sir Malcolm Morris"
the writer investigated collosol iodine from the point of view of its power
of intensifying the action of '606'. In sixteen cases suffering frOID syphilitic
lesions in which spirochaetes were easily demonstrable, an intravenous injection
of 100c.c. collosol iodine, followed in twenty-four hours by an intravenous
injection of 0·1 grm. '606', resulted in disappearance of spirochaetes from the,
lesions of eight. Controls treated with 0·1 grm. ' 606' without preceding iodine
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showed spirochaetes twenty-four hours later in every case. In twenty-five
cases, each of the seven doses of a course of '606' was preceded twenty-four
hours previously with an intravenous injection of 100 c.c, collosol iodine, with
the object of determining whether such a course would result in a higher
proportion of negative Wassermann reactions than under routine treatment.
Seven cases which were negative at first were negative at the end of the course;
of the remaining eighteen, ten were negative, five positive, and three weakly
positive. As far as these results went, therefore, they showed no particular
advantage in respect of the Wassermann reaction over treatment without
iodine. Unfortunately the preparation of collosol iodine was found to be
causing an undue amount of thrombosis in the injected veins, and a further
opportunity of testing a new preparation of collosol iodine has not since
occurred.
Iron. and Sulphur Compounds.
Two preparations have recently been introduced by McDonagh for the
treatment of syphilis, and it was claimed by him that they are superior in many
respects to the arsenical remedies which have already been discussed. For the
chemical and biological principles on which this author bases his views reference
must be made to his work on the subject (137), as lack of space prevents its dis-
cussion here.
One of the preparations, ferrivine, is tripara-amino-ferric-benzene-sulpho-
nate and the other is intramine or diortho-amino-thio-bcnzene, the two
remedies being used in conjunction. As first introduced, ferrivine was injected
intravenously. It usually gave rise to alarming symptoms of dyspnoea and
shock on the table, and was described by Sequeira (138) as the most efficient
emetic he knew. Intramine was injected intramuscularly, but a form in which
it can be administered intravenously has more recently been introduced, probably
on account of the intense pain to which the intramuscular injections gave rise.
The merits of these remedies have been fairly extensively discussed and various
views expressed. At a meeting of the Royal Society of Medicine (138) Shillitoe
and Pringle expressed themselves favourably. Harrison pointed out that both
of these remedies, given precisely according to the directions of their author, were
extremely unpleasant in their side effects, and had absolutely failed to affect
spirochaetes in three cases of syphilis or to influence them clinically, while in
one case fresh lesions had made their appearance during the treatment. Mills
pointed out that one of the cases produced by McDonagh to illustrate the good
effect of his remedies was still showing an anal mucous patch and a syphilitic
throat after two months' treatment. Subsequently a somewhat polemical dis-
cussion followed in the medical press (139), in which McDonagh stated that the
influence of a remedy on the Spirochaeta pallida or the reappearance of syphilitic
lesions during treatment were not criteria by which an antisyphilitic remedy
could be judged. Ferrivine, however, has apparently been withdrawn, its author
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not having yet been able to rid it of the disadvantages complained of by
Sequeira, Harrison, and Mills.
THE GENERAL MANAGEMENT OF SYPHILIS.
It will be convenient to discuss the general treatment of syphilis from the
points of view of (1) syphilis in which there is no clinical evidence of disease
of the central nervous system, and (2) syphilitic disease of the central nervous
system.
The treatment of syphilis urdhoui obvious signs of disease of the central
nervous system. All workers are unanimous on the importance of commencing
treatment as long as possible before the Wassermann reaction becomes positive.
All results show that cases treated in the early primary stage suffer far less from
relapse, whether clinical or serological, than those in which treatment was
delayed until later. The necessity of energetic local treatment of the primary
sore is also generally insisted upon, experience having shown that relapses after
arsenical treatment very often manifest themselves first as re-induration of the
primary lesion. The general explanation of this fact is that in a well-developed
primary sore many of the spirochaetes are inaccessible to remedies circulating in
the blood and so escape destruction. Excision, cauterization, and the application
of 30 per cent. calomel ointment are the favourite methods of local treatment of
the primary sore which have been adopted. In a sore which cannot be removed
bodily or cauterized, the writer's usual plan is to provide the patient with a pre-
scription for the Metchnikoff ointment, viz. : Calomel 33 parts, lanoline 67, and
vaseline 10, and to advise the patient to 'try to rub the sore away with it '.
At Rochester Row, Mr. C. H. Mills has had considerable success in reducing
the induration of primary sores by injecting them with hectine in a dose of
0·2 grm. as supplied in ampoules ready for use.
As to the amount of treatment required for any given case, all are agreed
that it is impossible to lay down any definite rule, since no course has yet been
devised which will ensure 100 per cent. of cures. Experience has shown that it
is impossible to state definitely on commencing treatment how many grammes
of '606' and of mercury will be necessary to ensure a cure, and the almost
universal practice is to lay down a minimum course and to determine the addi-
tional which may be required by the behaviour of the Wassermann reaction of
the blood, supplemented often by periodical examinations of the cerebro-spinal
fluid. The necessity for subsequent observation of the patient after cessation of
treatment is generally insisted upon, and here again it is becoming much more
common not to be contented with a simple examination of the blood serum and
cerebro-spinal fluid at intervals, but to institute after a given period a provoca-
tive injection of one of the arsenical preparations with the object of stirring into
fresh activity any spirochaetes which may be lying latent. The provocative
injection (of, say, 0·3 grm. '606 ') is followed by Wassermann tests of the blood
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serum after two, four, eight, thirteen, and twenty-one days, the tests being
carried out at these spaced intervals in order that a fleeting reaction on the one
hand, or a delayed one on the other, may not be missed. The fluid may be
tested one week after the injection. The following are minimum courses adopted
by different representative workers:
Neisser (114) prescribes a course of 2·5 to 3 grm. of ' 606', injections being
given on the first, tenth, thirtieth, fortieth, and fifty-fifth days. The treat-
ment is combined with mercury, and a second, similar course administered after
an interval.
Leredde (116) relies entirely on the arsenical preparation, seeing no logical
reason for the combination with mercury. The treatment is continued until the
blood reaction is negative to both the original Wassermann test and Hecht's
modification, when an examination is made of the cerebro-spinal fluid. If
the latter shows the slightest change the treatment is resumed after a suitable
interval. One of the two following methods is usually adopted:
Day of Treatment. Doses of' 914 '.
1st Method. 2nd Method.
1
8
15
22
29
36
43
50
51
58
65
71
78
86
93
100
grm.
0·15
0·2
0·3
0·6
0·9
0·6
0·9
1·2
0·6
0·9
1·2
grm.
0·15
0·2
0·3
0·6
0·9
1·2
1·2
1·35
0·45
0·6
0·9
1·05
It will be seen that the second method is more intensive than the first, and
the author remarks that it may have to be interrupted on account of symptoms
of intolerance. One month after completing the course a provocative injection
is given, followed by four Wassermann tests between the succeeding fifth and
thirtieth days.
Emery (140) gives a course of six injections at the rate of two weekly in
doses of 0·3 to 0·4 grm. for men, and repeats the course after an interval of
fifteen days. He combines the treatment with mercurial injections.
Fordyce (117) gives, in one course, five to six injections of 0·3 to 0·4 grm.
'606' for men and 0·25 to 0·3 grm. for women, at intervals of eight to ten days.
This is combined with twenty to thirty injections of perchloride of mercury,
gr. -to to ~, at intervals of one to two days, or ten to thirteen injections of
mercurial cream or salicylate of mercury. He prefers the soluble preparation
of mercury whenever he can get the patient to attend sufficiently frequently.
Primary cases with a negative Wassermann reaction are treated with two such
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courses. In secondary cases the arsenical treatment is preceded by several
injections of a soluble preparation of mercury. Patients in the tertiary stage
are treated according to circumstances, and the main trust here is placed in
mercury and iodides.
Gennerich (13) gives to primary cases with a negative Wassermann reaction
six to eight intravenous injections of 0·3 to 0·5 grm. ' 606' and fifteen intra-
muscular injections of calomel (0·03 to 0·05 grm.). In primary cases with
a positive Wassermann reaction the above course is followed up by a second one
consisting of three to four injections of' 606' after an interval of three weeks.
Secondary cases are treated with six to eight injections of calomel before the
, 606 J is commenced, and the calomel is continued in combination with the' 606 '
until fifteen injections have been given. Commencing with small doses
of' 606', these are gradually increased to 0·4 or 0·5 grm., allowing short intervals
between the small doses and not less than one week between those of 0·5 grm.,
until ten to twelve injections have been given. If the Wassermann reaction
does not quickly become negative in the first course, the latter is succeeded after
an interval of thirty days by a follow-up course of four injections of '606 '.
A third course may be given after a similar interval, according to the behaviour
of the blood and cerebro-spinal fluid. The mercurial treatment is regulated
with reference to the number of preceding injections. After the fifteenth
injection of calomel has been given an interval of eight weeks is allowed to
elapse before a second similar course of calomel is administered. Women
receive correspondingly less doses, and those who weigh less than 40 to 50 kilo-
grams, or who are pregnant, receive no mercury. Pregnant women are
treated with three courses similar to the above, with intervals of thirty days
between courses. For the first course '606' is used, and for the second and
third, on account of its milder effect, '914' is preferred. Otherwise, for ordinary
cases Gennerich is not a believer in ' 914 '. Patients in later stages of syphilis
are treated with a number of courses, each consisting of six intravenous injec-
tions of '606' and ten to fifteen of calomel, with intervals of seven to nine
weeks between courses.
The treatment is controlled throughout by examination of the cerebro-spinal
fluid and of the blood. After a year from cessation of treatment in early cases
a provocative injection of' 606 ' is given, and this is followed by a Wassermann
test of the blood and cerebro-spinal fluid. Gennerich insists that it is possible
to abort syphilis only when treatment commences in the primary and early
secondary stages, and that in later stages the treatment should be carried out on
the chronic intermittent plan. His results in early stages of syphilis have
already been detailed (p. 294).
Wechselmann (39), as already mentioned, trusts entirely to the arsenical
preparation, and the following is a specimen of the treatment adopted for a case
of secondary syphilis:
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Day of Treatment. , 914' subcutaneously. , 606' intravenously.
1
4
7
11
15
18
23
26
30
37
41
44
48
51
59
62
64
67
70
76
grm.
0·45
0·3
0·45
0·45
0-45
0·45
0·3
0·3
0·3
0·3
0·45
grm.
0·3
0·3
0·4
0·3
0·3
0·2
0·3
0·35
0·3
The length of the above course is explained by the fact that the Wassermann
reaction was not completely negative until two months after commencement.
The .cerebro-spinal fluid was examined once and fourteen Wassermann tests
were carried outon the blood.
The course recommended for use in the French army is designed for two
purposes: (1) to render the soldier fit to return to his unit as quickly as
possible, and (2) to complete his cure after his return to duty. In the first
place, eight intravenous injections of' 914' are administered in increasing doses
at intervals of six days, the patient being in hospital. In addition to this,
forty-two injections of a soluble salt of mercury, or fifty inunctions, are
administered. At the end of this course, which lasts seven weeks, the patient
returns to his corps and one month later commences to take pills of protoiodide
of mercury (0·05 grm.) with extract of opium, one of which is taken for the first
ten days of every month for a year.
The minimum course prescribed at Rochester Row to average early cases of
syphilis in the British army at the present moment is as shown below.
Day of Treatment. Doses of '606' injectedintravenously.
Mercurial Cream injected
intramuscularly.
1
1
1
1
1
1
1
gr.
1
0·4
0·5
grm.
0·3
0·3
0·3
1
4
8
15
22
29
36
43 0·5
50 0·5
52 Wassermann test. If this is not completely negative,
potassium iodide for two weeks, followed by
69 0·3 1
76 0·4 1
83 0·5 1
If the blood is still positive, a series of short courses is prescribed, similar
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to that from the sixty-ninth to the eighty-third day, with about a month's
interval between the courses, and commencing again about the hundredth day;
or chronic mercurial treatment, according to circumstances.
If the blood is found to be negative on the fifty-second day treatment is
suspended, and the patient observed at monthly intervals, if this is practicable.
(At the present moment it is generally impracticable to observe patients beyond
the date of. the negative Wassermann, since they are drafted away for military
service.) It would probably be better to give the whole course from the first to
the eighty-third day, whatever the result of the Wassermann on the fifty-second
day, and this is done in certain special cases.
The above course is modified under the following circumstances: In
tertiary, late secondary, and all old recurrent cases where the previous treatment
has been scanty, and the Wassermann reaction is strongly positive at the time
the patient appears for treatment, no particular attention is paid to the
Wassermann reaction on the fifty-second day. There is little hope of obtaining
a lasting negative at this stage, and, provided that all lesions have healed by the
fiftieth day (which is practically always the case), the further treatment
generally advised is that mentioned above for cases which remain positive after
the eighty-third day of treatment. These cases differ very greatly, and no hard-
and-fast rule can be laid down for them. The main principle for guidance in
their management is that treatment must be prolonged over a number of years,
as an insurance against worse manifestations of the disease.
In place of intravenous injections a number of patients are now being
treated by the intramuscular method, the dose at each injection being 0·6 grm.
of' 914', and the interval one week. The soldier usually remains in hospital
only so long as is necessary to allow open lesions to heal up, and he then attends
as an out-patient for further injections. With regard to the question as to
whether he should be detained overnight on the occasions of these later injec-
tions, this is decided by circumstances. If no reaction has occurred at the end
of two hours, and if the soldier has not far to travel, he is allowed to return to
his unit on the day of injection.
Subsequent observation depends on circumstances. Treatment having been
continued until the Wassermann reaction is negative, the patient is at present
required to attend for further observation monthly as long as he remains in this
country, but he is available for inclusion in a draft for overseas at any time after
the blood reaction has become negative, provided that he has also received the
mnnmum course. In cases where it is probable that the advice will be
followed, patients are advised to continue treatment with grey powder by the
mouth.
The above representative examples of courses of treatment prescribed by
different workers illustrate how far we have advanced from the original idea
that one or two doses of '606' are sufficient to cure any case of syphilis. Many
authors draw attention to the grave danger of syphilitic recurrences in the
central nervous system which may result from insufficient treatment.
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Syphilis of the Central Nervous System.
It is recognized as a general principle by those who have most experience
in the treatment of syphilis of the central nervous system with the arsenical
preparations, that, although a cautious start is always made, the patient should
receive eventually very much more treatment than is considered sufficient for
ordinary cases. Those who have followed the results of their treatment closely
by periodical examination of the cerebro-spinal fluid show that it is extremely
difficult to render this normal as regards Wassermann reaction, number of cells,
and presence of globulin. In spite of this, it has been shown that by perseverance
it is possible to render the cerebro-spinal fluid normal. The difficulty usually is
that the patient will not persevere sufficiently long with the treatment.
While some workers confine themselves entirely to treatment through the
blood stream, others supplement this with intrathecal injections of salvarsanized
serum, mercurialized serum, or '914', claiming quicker results from this pro-
cedure. As representative of a treatment for which its author claims excellent
results without intrathecal injections that of Dreyfus (141) may be mentioned.
This worker varies his treatment according to the nature of the case, but on
general principles believes in the efficacy of small doses repeated at frequent
intervals.
The following is the general line which is adopted in the case of neuro-
recurrence or of syphilitic meningitis: On the first day a lumbar puncture is
performed, and from the second to the eleventh day the patient is treated
with mercury by inunctions or injections, the temperature being watched care-
fully. If at the end of this time the temperature is normal, ' 914' is commenced,
with injections of 0.15, 0·3, and 0·6 grm. on the thirteenth, fourteenth, and
sixteenth days. If any of these are followed by a rise of temperature to over
99°, the succeeding dose is reduced or the interval slightly lengthened. The
, 914' is continued in this manner until I! to 2 grm. have been administered,
when '606' is commenced cautiously, with doses of 0·1, 0,2, 0·3 grm. on the
succeeding four days, and the injections are continued at intervals of one or two
days until 4 to 5 grm. have been given in the course.
A second course is administered after six to eight weeks, and a third after
a similar interval from the end of the second course if the cerebro-spinal fluid
has not yet become normal.
As to mercurial treatment, this is interrupted when the' 914' is commenced
and resumed after a dose of 0·6 grm. has been reached without disturbance.
Naturally a close watch is kept for signs of intolerance, and doses reduced
accordingly.
In cases of tertiary syphilis the course commences with injections of
calomel, or of grey oil, on the third and fifth days, two days' rest having been
allowed after the primary lumbar puncture. Injections of calomel, or of grey
oil, are given weekly throughout the course, and the '606' is administered
as follows:
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Doses of 0·2,0'3,0.3, and 0·4 grm. are given on the seventh, ninth, fifteenth,
and nineteenth days, and injections continued on the same principle for six to.
Bight weeks until 4 to 5 grm. of ' 606' have been given. Dreyfus calculated
that three to five such courses with suitable intervals are really necessary. The
difficulty is that patients will not continue with the treatment, because long
before this they have become symptomatically well.
In cases of tabes, the treatment commences with '606', and mercury is
begun only after 1 to 2 grm. of the arsenical preparation have been administered.
On the first, third, fifth, seventh, ninth, eleventh, and fourteenth days are given
doses of 0·1, 0·2, 0'2, 0·2, 0·2, 0·3) and 0·3 grm. '606', continuing in this
manner until 4 to 5 grm. have been given. It may happen that injections at
first provoke crises, but the treatment is continued in spite of these. Great
care is exercised over the administration of the mercury, as tabetics are often
found to be intolerant of this remedy. The second course contains 3 to 4 grm.
of ' 606', and Dreyfus calculates that four to six courses are necessary at inter-
vals of two to three months. On such a treatment he has obtained results in
the form of complete arrest of all symptoms which have lasted for three years.
In 38 cases with severe lightning pains, 20 were very considerably improved,
14 were improved, and one showed no change. In 9 cases of perforating
ulcer, bladder disturbance, &c., 3 were considerably improved, 4 improved,
and 2 showed no change. In 18 cases of ataxia, 5 were considerably im-
proved, 7 improved, 3 showed no change, and 3 became worse. In other
forms of syphilis of the central nervous system the results from a symptomatic
point of view were excellent, but the cerebro-spinal fluid was rendered normal
only three times in 125 cases. Dreyfus attributes failures to render the fluid
normal to lack of perseverance with the treatment on the part of the patient.
He believes that, if the patient can only be induced to continue long enough, he
'Can render the fluid normal in, almost all cases of cerebro-spinal syphilis, and
that most cases of tabes can be brought to a standstill.
Leredde claims that he has obtained normal, or nearly normal, cerebro-
spinal fluid in many cases of tabes. His treatment would extend to the length
of giving thirty to forty injections at suitable intervals on the plan already
shown (p. 348). He also claims good results in cases of general paralysis from
the administration of short courses of '914' at short intervals for a year or
longer.
The difficulty of reaching the parenchyma of the central nervous system
with antisyphilitic remedies administered through the blood-stream has induced
numerous workers to test the effect of their introduction directly into the
cerebra-spinal fluid, Wechselmann having probably been the first to demonstrate
the safety of weak solutions of neosalvarsan injected into the spinal canal.
Swift and Ellis (142) introduced the method of injecting the patient's serum
obtained within an hour of his receiving a full dose of '606 '. As above
mentioned, they showed that this serum had distinct antispirochaetal properties,
especially when heated.
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Swift's present technique is as follows (143): Half an hour after an intra-
venous injection of '606' or '914' the patient is bled to an amount which
is sufficient to yield 10 c.c. of serum. This is heated at 56° C. for forty-five
minutes and injected intraspinally on the same day. Swift does not now find it
necessary to dilute the serum as at first recommended, and as a general rule the
patient can return to his home on the following day, having been in bed in
the meantime. Generally speaking, injections should not be given more than
.once in three weeks. As to the treatment of syphilis of the central nervous
system generally, Swift recommends that cases of syphilitic meningitis should
commence with a short course of mercury, in order to avoid the risks of
a Jarisch-Herxheimer reaction. If a gumma is suspected a vigorous course
of potassium iodide should precede the more specific treatment. The line of
treatment recommended is similar to that of Dreyfus mentioned above, with the
addition that if after four to six months of intensive general treatment the
reaction of the fluid shows no improvement, it may be well to resort to
the intrathecal method. For tabes he recommends a commencement with small
doses of ' 606 " which are gradually increased and injected at intervals of a week,
the course lasting six to eight weeks. If at the end of this time the Wasser-
mann reaction of the fluid is much weaker, a course of mercury is tried, followed
by another of' 606 " and so on in alternate courses, with periods of rest, until
the fluid is brought to normal. In the numerous cases, however, in which this
plan of treatment fails to affect the fluid, and especially in cases where the
progress of the disease is acute, an early start with the combined intraspinal and
intravenous treatment is recommended. Swift is very optimistic regarding the
prognosis in cases treated on these lines. As to results, in thirty out of thirty-
four cases of tabes, many of them advanced, which were treated by the com-
bined intravenous and intraspinal methods, the Wassermann reaction became
negative in 1 c.c, fluid, while in nineteen of the cases the fluid was negative
even in 2 c.c. In general paresis, Swift, like other workers, has had indifferent
results.
Gennerich (144), after trying the method of Swift and Ellis, now favours the
direct introduction of' 914' into the spinal canal. After finding that stronger
concentrations were apt to cause untoward symptoms in the form of anaesthesia
of the buttock, &c., with bladder and rectal disturbance, he finally recommended
the injection of 4 to 6 o.c, of a 0·15 in 300 solution of' 914', which was diluted
still further with 12 to 15 c.c. of the fluid. The patient rested for two days after
the injection, which was not repeated more often than once in two or three weeks.
Schubert (145) recommended solution of the' 914' in cerebro-spinal fluid. He
dissolved 0·045 grm. of' 914' in 3 c.c, of fluid, and of this took 0·1 to 0·2 e.c.,
which was placed in a funnel connected with the intraspinal canula. Before
addition of the' 914' solution, some of the cerebro-spinal fluid was allowed to run
into the funnel by lowering it.
The intraspinal injection of serum to which '606' or '914' has been
directly added, as recommended by Ogilvie, has been extensively used in America,
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and is the method now preferred by Fordyce (146). To 8 or 10 c.e. of the
patient's serum, which must be completely free from red cells, is added 0·05 to
0·5 mg. of' 606', and the solution is incubated at 37° C. for 30 minutes. The
initial dose for cases of tabes is 0·05 to 0·1 mg., and this is gradually increased
to 0·2 to 0·3 mg., according to the patient's toleration. Swift recommends that
the serum of a salvarsanized patient should be used for this purpose. The blood
drawn off an hour after injection should be allowed to remain in contact with
the clot overnight, and after the addition of the arsenical preparation it should
be heated to 56° C., as recommended for serum which has been salvarsanized
in vivo.
Following the recommendation of Byrnes, various workers have tried the
injection of mercurialized serum. As practised by Wolfsohn (147), who has
slightly modified the original technique, the procedure is as follows:
1. The patient receives full doses of mercury by inunctions for a week.
2. An amount of blood which is sufficient to yield 18 to 20 c.e. of serum
(about 40 c.c. of blood) is drawn off, centrifugalized, placed in a refrigerator for
18 to 24 hours, again centrifugalized for 15 to 20 minutes, and the serum
pipetted off.
3. To this serum is added 1 c.o, of a solution containing -lo of a grain of
mercuric chloride in distilled water.
4. The prepared serum, which should be perfectly clear, is heated at 56° C.
for half an hour.
5. Spinal fluid is removed by lumbar puncture until its pressure reads about
30 mm., when the prepared serum is slowly administered by gravity at body
temperature. The patient is put to bed with the foot of the bed elevated for
four hours.
On an average, five injections are administered at intervals of one to five
weeks. Wolfsohn concludes with regard to the method, that it is very efficient in
syphilis of the central nervous system, especially in tabes with severe lightning
pains. Also, it has the ad vantage of stability, and is perfectly safe provided that
care is taken not to introduce haemoglobin with the serum.
A study of the case-records advanced by the different writers in favour
of intrathecal injections leaves one with the impression that, as with the ordinary
methods of administration, the treatment must be prolonged to effect good
results. In a few cases in which the writer has attempted, after rather prolonged
systemic treatment, to improve the state of the cerebro-spinal fluid still further
by intrathecal injections, no great effect was produced. It is possible that the
lumbar puncture itself may sometimes be a factor in the rapidity of the sympto-
matic improvement which has been noted in many cases treated by the intra-
thecal method. In a case of tabes which was under the care of the writer,
where no antisyphilitic treatment had been administered previously, simple
lumbar puncture carried out for diagnostic purposes resulted in complete recovery
from paralysis of the bladder within a few hours. In those cases which are
treated with combined intraspinal and intravenous injections the latter may
[Q. J. M., July, 1917.] B b
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easily be a considerable factor in the improvement, since there is no doubt that
the long-continued administration of (606' or '914' through the blood-stream
will effect much in reducing the number of lymphocytes and the strength of the
Wassermann reaction in the fluid.
It will be seen from the above that, although much success has been obtained
in the treatment of syphilis of the central nervous system and in tabes, this has
not been by the administration of one or two full doses of ' 606 ' and abandonment
of the treatment if the patient appeared to be worse immediately afterwards, but
by the long-continued administration of small doses fairly frequently repeated
and in courses of 4 to 5 grm. each. Practically all who have experience in the
treatment of syphilis of the central nervous system agree that unless the patient
is willing to persevere until he has received a substantial amount of the arsenical
remedy, it is better to withhold the latter. This applies especially to cases
of tabes.
As to the safety of arsenical treatment in cases of the nature mentioned, the
writer is convinced that, when administered on the lines suggested above, ' 606 '
or' 914' can be injected without fear. At Rochester Row cases of comparatively
advanced tabes have received as many as twenty-eight intravenous injections of
'606' and twenty-one intramuscular injections of ' 914 " with benefit.
The greatest effect is almost always produced on the cells, which are very
rapidly reduced to normal, or nearly normal limits. For instance, in one case of
pseudo-tabes, three months' treatment reduced the cells from 363 per e.mm. to
9 per e.mm., and two months later they were 2 per e.mm. In another, of tabes
with well-developed ataxia, 720 cells per e.mm, were reduced to 4 per e.mm. in
three months. The Wassermann reaction is more difficult to influence, but in
the first of the above cases three months' treatment reduced a strongly positive
reaction in the equivalent of 0·2 c.e. fluid to a doubtful reaction in 1 c.c. In
these, as in other cases, the treatment was by alternate intravenous injections of
'606' (0·3 grm.) and intramuscular of ' 914' (0·3 grm.), one of each being given
every week, commencing one week after an initial dose of 0'2 grm. Mercury
and potassium iodide are also administered in these cases, the iodide sometimes
concurrently with the other remedies, sometimes in the intervals of rest. It is
a frequent observation that when iodide is given during the interval the patient
seems to make more rapid progress than he has shown during the course of
injections.
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WRITER'S ARRANGEMENT FOR THE ADMINISTRATION OF '606' ON A LARGE SCALE IN A B. E. F. HOSPITAL.
A. For six injections at one time in a hut. One set of apparatus missing.
B. The same (earlier date) for four injections at one time in a large hospital marquee. On left, one
orderly to each table. On right, standing, supervising medical officer (in white), responsible also for the
mixing of the solutions. Next him, standing, chief clerk, responsible, inter alia, for making out the daily
programme of injections from the treatment cards. Seated, medical officers responsible for the actual
injections; number of medical officers subsequently reduced to one per two or three tables.
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